THE AMERICAN JOURNAL 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 


VoL. 81 


JUNE, 1959 


No. 6 


THE ANGIOGRAPHIC STUDY OF CAROTID IN- 
SUFFICIENCY AND CEREBRAL ISCHEMIA* 


By MARVIN M. KEIRNS, M.D., and JOHN E. WHITELEATHER, M.D. 


MEMPHIS, TENNESSEE 


EATH and disablement caused by 

cerebrovascular disease are major 
medical problems confronting the profes- 
sion today. The living invalids afflicted by 
this group of diseases outnumber persons 
made invalid by malignancy and constitute 
a tremendous loss to the country. 

Usually ‘“‘strokes” have been considered 
to be the result of intracerebral infarction 
or thrombosis, the treatment of which is 
usually supportive in the hope that sur- 
vival and possibly some return of function 
will occur. It is now quite evident that 
many of these patients are actually victims 
of thrombosis or stenosis of the cervical 
carotid artery. Early correct diagnosis, as 
afforded by angiography, now makes pos- 
sible the development of a successful sur- 
gical attack. 

Interest in this problem was awakened 
and stimulated by Fisher’s® arresting paper 
on the autopsy findings of carotid stenosis 
and thrombosis at McGill University. Al- 
though this is by no means a new concept, 
there was previously little appreciation of 
the frequency of occurrence of this condi- 
tion. 


Until early in 1956, we routinely visual- 
ized only the cerebral vessels and those of 
the upper neck, as is usually done in most 
clinics. When cerebral vessels did not fill or 
if constriction of the cervical carotid artery 
was specifically suspected, a special roent- 
genogram of the low neck area was made 
in addition. We then modified our appara- 
tus so that the cervical carotid artery, be- 
low the bifurcation, was routinely seen in 
every case examined. After this change we 
encountered a surprisingly high incidence 
of stenosis just distal to the bifurcation— 
significant stenosis was observed six times 
as often as complete occlusion. Further- 
more, several patients with considerable 
narrowing of the internal carotid artery 
later came in with occlusion and severe 
brain damage, convincing us that the best 
chance of preventing cerebral catastrophe 
lay in surgical intervention before the final 
complete occlusion occurred. Following the 
occurrence of complete occlusion, surgery 
is often doomed to failure by intracranial 
extension of the clot or embolization to 
small branches. 

As experience increased, it became evi- 
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dent that symptoms were so protean and so 
frequently resembled other brain lesions 
such as tumor, hemorrhage, psychosis, and 
others that clinical appreciation was fre- 
quently impossible. The so-called clinical 
symptoms of carotid thrombosis are un- 
reliable. Although other diagnostic meth- 
ods, such as carotid compression and 
ophthalmodynamometry, are suggestive 
and helpful, angiography with routine in- 
clusion of most of the cervical carotid 
artery is the only true diagnostic procedure. 
In our institution angiography is done as 
an emergency procedure whenever indi- 
cated and has proved very safe. 


HISTORICAL BACKGROUND 


The syndrome of spontaneous artery 
stenosis and occlusionsasa result of atherom- 
atous plaques in the area of the carotid 
sinus was first described by Chiari! in 1905. 
In 1914, Hunt again emphasized the role 
of the carotid arteries in producing lesions 
of the brain and urged their routine exam- 
ination at autopsy. 

The precise antemortem diagnosis be- 
came possible in 1937 when Egas Moniz? 
first described the use of cerebral angiog- 
raphy. He reported 4 cases of cervical oc- 
clusions of the carotid artery demon- 
strated by angiography. Numerous case 
reports followed largely from the European 
clinics. Hultquist’ in 1942 reported g1 cases 
of cervical carotid artery occlusion in 3,500 
autopsies. 

Johnson and Walker® found to reported 
cases and added 6 cases of their own in 
1951. It is interesting that until 1951 only 
17 clinical cases were reported in the Ameri- 
can literature and 84 cases in the European 
literature. Then in 1952 Fisher of McGill 
University reported finding carotid throm- 
bosis or severe stenosis present in 9.5 per 
cent of 432 unselected autopsies and in 20 
per cent of cases of cerebrovascular disease. 
This amazingly high incidence was found 
only when neck dissections were routinely 
done, a procedure not generally followed 
in performing an autopsy. Forty-five carot- 
id artery occlusions or severe stenosis were 
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seen, while cerebral embolism from all 
causes was present only §5 times and in- 
tracerebral hemorrhage only 32 times. 
Furthermore, Fisher called attention to 
the marked ischemia that occurs with any 
appreciable stenosis. Flow through a tube 
varies as the fourth power of the radius 
(Bernoullis’ theorem). 

Many more cases have since been added 
to the literature including reports of Web- 
ster, Gurdjian and associates,'’ but the em- 
phasis has been on those showing either 
complete occlusion or extremely severe 
stenosis—practically complete occlusion. 
Much can be learned from studying those 
people with lesser degrees of stenosis and 
when possible it is desirable that treatment 
be undertaken at this earlier stage. 


MATERIAL STUDIED 


In our department 1,535 cerebral angiog- 
raphies were made between January, 1951 
and May, 1958. From 1951 through 1954 
the principal emphasis was on the diagnosis 
of aneurysm, tumors, arteriovenous mal- 
formation, etc. One case of carotid throm- 
bosis was diagnosed in 1954. In several ad- 
ditional angiographies, filling of intra- 
cerebral circulation was not obtained, but 
at the time of injection this was attributed 
to faulty technique. 

By April, 1955 material improvement 
had been made in injection and roentgeno- 
graphic techniques, and an improved con- 
trast medium (hypaque sodium 50 per 
cent) was in use. Furthermore, it was felt 
that the procedure could be safely per- 
formed on the patient with an acute cere- 
brovascular accident. An additional injec- 
tion and separate roentgenograms of the 
neck area were made whenever it was felt 
to be so indicated. 

From April 22, 1955 to March 3, 1957, 
524 angiographies were made. Table 1 gives 
the diagnoses, other than normal, estab- 
lished by those studies. 

In March, 1957 alterations in the equip- 
ment made it possible to routinely include 
the neck down to the sixth or seventh 
cervical vertebra on all studies. In the last 
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TABLE I 


INCIDENCE OF LESIONS FOUND IN §24 ANGIO- 
GRAMS FROM APRIL 22, 1955 TO MARCH 3, 1957 


Cases 

Thrombosis of internal carotid artery 18 
Thrombosis of vertebral artery 2 
Thrombosis of anterior cerebral artery 3 
Thrombosis of middle cerebral artery 4 
Significant stenosis of carotid artery 10 
Tumor 33 
Aneurysm 20 
Subdural hematoma 3 
Arteriovenous anomaly (shunts, hemangio- 

mata) 9 
Intracerebral hemorrhage I 
Hydrocephalus 2 
Aneurysmal dilatation of carotid siphon 3 


626 angiographies performed on 482 pa- 
tients, the bifurcation of the common ¢a- 
rotid was routinely viewed in every case. 
We feel that including the carotid bifurca- 
tion in every case is essential. Table 1 gives 
the diagnoses made in this series. 

This latter group of cases is more signifi- 
cant because the arteriosclerotic lesions of 
the carotid arteries were adequately studied 
even though the patient was being ex- 
amined for suspected intracranial lesions. 
The much greater incidence of stenosis 
diagnosed in the second group was not only 
due to the routine inclusion of the neck 
but to the higher index of suspicion of the 
clinicians as well. 

Of those patients showing occlusive dis- 
ease gt were male and 38 female. The 
average age of the males was sixty-three 
years and the females fifty-five years. The 
youngest male in which an arteriosclerotic 
stenosing plaque was seen was thirty-one 
years old and the youngest female was 
thirty-five. The younger age of the females 
in the group seemed a little surprising as 
serious arteriosclerotic disease elsewhere 
generally is thought to occur at a later 
period in women. 

The youngest patient with complete ar- 
teriosclerotic occlusion of the internal 
carotid was forty-five years of age. One 
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case from the earlier group occurred in a 
seventeen year old boy as a result of 
trauma. While participating in an amateur 
prize fight his face and neck were struck 
many times; hemorrhage into the vessel 
wall near the carotid bifurcation resulted in 
thrombosis of the internal carotid artery. 
He was comatose for two days before being 
brought to the hospital. The obstruction of 
the carotid artery was removed, and he re- 
covered consciousness but continued hemi- 
plegic. A repeat angiogram revealed occlu- 
sion of the middle cerebral artery. All 
other cases reported herein had arterio- 
sclerotic occlusive disease. This boy, how- 
ever, illustrated one of the oft recurring 
problems in treatment. If any prolonged 
period has elapsed between the catas- 
trophic occlusion and operation, ascending 
thrombosis and/or emboli may have oc- 
cluded the middle or anterior cerebral 
artery. If the carotid siphon does not fill 
by ophthalmic collateral flow, as it did not 
in this case, such a complication should be 
strongly suspected. These cases must be 
examined, diagnosed, and treated as acute 
surgical emergencies. 


Taste II 


INCIDENCE OF LESIONS FOUND IN 626 ANGIOGRAMS 
MADE OF 482 PATIENTS SINCE MARCH, 1957 
(CAROTID BIFURCATION ROUTINELY IN- 
CLUDED IN THE ANGIOGRAPHIES) 


Cases 
Thrombosis of internal carotid artery 21 
Thrombosis of anterior cerebral artery 7 
Thrombosis of middle cerebral artery 9 
Stenosis of carotid artery 108 
High grade stenosis (60 per cent or more) 33 
Moderate stenosis (30 per cent or more) 30} 
Mild stenosis (less than 30 per cent) 45) 
Stenosis of anterior cerebral artery 9 
Stenosis of middle cerebral artery 2 
Tumor 58 
Aneurysm 35 
Subdural hematoma 2 
Arteriovenous anomaly II 
Intracerebral hemorrhage 3 
Abscess I 
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Fic. 1. Complete occlusion of the internal carotid 
artery at the bifurcation with collateral siphon 
filling via the ophthalmic artery. 


Figure 1 illustrates a complete occlusion 
of the internal carotid artery at the bifurca- 
tion, the site in two-thirds of such complete 
occlusions.® Figures 2, 3, 4 and 5 show se- 
vere, moderate and mild degrees of stenosis. 


CLINICAL FEATURES OF CAROTID 
THROMBOSIS AND STENOSIS 


The so-called “‘classic”’ clinical syndrome 
of carotid thrombosis is (1) monocular 
optic atrophy and blindness and (2) con- 
tralateral hemiplegia. Actually none of our 
cases satisfied these criteria completely. In 
over 100 autopsy cases, Ralph” reported 
that the classic concept was present in only 
10 per cent. Obviously, these diagnostic 
criteria alone are of little use in the selec- 
tion of cases for treatment. 

Symptoms vary widely depending on the 
extent of the block, the rapidity of the onset 
and the effectiveness of the collateral cir- 
culation. Because of the prolonged period 
during which increasing stenosis occurs, 
some collateral circulation develops, though, 
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at best, it is only fair in the cerebral circu- 
lation when compared to collaterals that 
develop elsewhere in the body. 

Four principal pathways of collateral 
blood flow have been clearly established in 
angiograms.'*:!6 They are: (1) from the op- 
posite internal carotid artery through the 
circle of Willis; (2) from the external 
carotid artery on the same side into the 
ophthalmic artery via several routes; (3) 
from the external carotid artery into the 
vertebral system; and (4) from the verte- 
bral system through the circle of Willis. 

Visualization of the ophthalmic artery is 
extremely common. It was identified in all 
but 2 of the carotid stenoses studied; and, 
when complete occlusion in the neck was 
present, limited filling of the siphon through 
the dilated ophthalmic artery was often 
seen (Fig. 1). In fact, this is extremely 
important in the selection of cases for en- 
darterectomy. If the siphon is not seen, the 


Fic. 2. Severe stenosis of the internal carotid artery 
in the neck (short segment type). Also stenosis in 
the siphon. 
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; chances of achieving patency of the vessel 
are very poor, as the siphon and/or cere- 
bral vessels are probably thrombosed. 

| Cross circulation from the opposite ca- 
| rotid artery is seen with some regularity and 
occasionally is very copious (Fig. 6 and 7). 
The patient illustrated experienced an epi- 
sode of hemiparesis two years before ad- 


2 | mission from which he recovered. He later 
) a developed varying symptoms of transient 
» bilateral weakness, mental disturbances, 


- | and speech loss as the progressive stenosis 
in the internal carotid became more severe. 

Collateral circulation from the vertebral 
| system has often been seen in carotid block 
(Fig. 8, 4 and B; and g, 4 and B). 


$ The recognition of gradually appearing 
1 symptoms over months to years is ex- 
” tremely important, for these provide the 
y | early warning signs during a period when 
- diagnosis and successful treatment is pos- 
Fic. 4. Moderate stenosis of the internal carotid ar- 
tery in the neck of a thirty-five year old female. 
ry Fic. 3. Severe stenosis of the internal carotid artery 
in in the neck (long segment type). This type is less _ Fic. 5. Minimal stenosis of the internal carotid artery 
amenable to endarterectomy. in the neck of a fifty-nine year old male. 
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Fic. 6. Severe stenosis with excellent collateral filling from the opposite carotid artery 
via the circle of Willis. 


Fic. 7. Complete occlusion in the carotid siphon with the typical pointed, slowly advancing, 
column of medium in the neck. Excellent cross-filling from the opposite side. 
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Fic. 8. (4 and B) Internal carotid occlusion in the neck with collateral filling of the middle cerebral 
artery via the vertebral and basilar arteries. 


Fic. 9. (4 and B) Severe stenosis of left internal carotid artery with anterior and middle cerebral arteries 
filling on both sides via the vertebral and basal arteries. Patient also had complete occlusion of right in- 
ternal carotid in the neck. The left internal carotid was successfully operated upon. 
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sible. The onset of transient symptoms, usu- 
ally vertigo, headache, personality changes, 
hemianopsia, speech difficulties, and weak- 
ness preceded the final catastrophic occlu- 
sion by more than four years in one case. 
All patients with high grade stenosis of the 
internal carotid artery (a reduction in the 
diameter of the vessel of 60 per cent or 
more) presented symptoms. A consider- 
able number of those patients classified 
as having “moderate” stenosis presented 
symptoms. None with “minimal” stenosis 
had related symptoms. In most of the cases 
of arteriosclerotic occlusion reported here- 
in, it was possible, on reviewing the history, 
to establish a prodromal period. Angiogra- 
phy may some day be performed on all pa- 
tients with these vague symptoms, as these 
are the “golden days.” 

Prognosis in the natural course of com- 
plete occlusion is forbidding, with 75 per 
cent of the patients going progressively into 
hemiplegia, hemianesthesia, mental de- 
terioration, and death. 

The major symptoms that we have ob- 
served in carotid insufficiency are given 
with their general frequency of occurrence 
in Table 111. The type of symptoms seen in 
moderate to severe stenosis is much the 
same as those found in complete carotid 
occlusions; only the severity varies. At 
times, because of a well developed collat- 
eral circulation, symptoms following com- 
plete occlusion are surprisingly vague. 

It should be especially stressed that usu- 
ally patients with moderate stenosis and all 
patients with severe stenosis have some 
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Muscular loss, varying extent, often transient 80 


Speech disturbances 60 
Headache 50 
Eye changes, all types, all degreesof severity 25 
Paresthesias 20 
Convulsions 20 
Mental disturbances 15 
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combinations of these symptoms. However, 
since findings are indefinite, symptoms 
often evanescent and mild, and spinal fluid 
normal, these patients are most frequently 
considered neurotics. Yet this is the group 
in which the best results can be obtained 
if they are correctly diagnosed. They de- 
serve carotid angiography. 

We are convinced that cerebral angiog- 
raphy, as currently performed, is safe and, 
in view of the invaluable information it 
yields, should be freely done on all types of 
cases when an experienced team is avail- 
able. Rowbotham a/.4 and List!’ con- 
sider recent thrombosis, embolism, ad- 
vanced hypertension, and arteriosclerosis 
contraindications for arteriography. We 
have not found this to be true. We have 
done many examinations on patients in all 
of these categories and in 1,535 patients 
only 3 developed transient hemiplegia dur- 
ing the examination. These later cleared 
completely. There were no deaths unequiv- 
ocally attributable to the studies. Two 
patients who had occlusions, one of the 
carotid artery and one of the basilar artery, 
died within twenty-four hours. However, 
their condition was deteriorating rapidly 
before examination and continued to de- 
cline to death. One patient with a bleed- 
ing aneurysm died within twenty-four 
hours. Angiography may have contributed 
to this death. 

Shapiro and Peyton, Ralph,” James,’ 
and others**®!8 have specifically recom- 
mended doing angiography on the patient 
with an acute cerebrovascular accident. 
Accurate evaluation of the danger of an- 
giography in vascular lesions alone is diffi- 
cult to obtain from the literature, as all 
series include various types of lesions. How- 
ever, mortality should be extremely low 
and nonfatal complications less than 2 per 
cent if care is taken. The last 1,150 of our 
examinations were made with hypaque 
sodium §0 per cent, a contrast medium that 
has proved safe and yields excellent roent- 
genograms with a 5 to 7 cc. injection. We 
believe that it is important to use the per- 
cutaneous method, a small injection mass, 
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and no compression of the surrounding ves- 
sels. The normal volume flow of a vessel 
should never be greatly exceeded during in- 
jection for angiography. (This principle ap- 
plies to all types of arterial studies includ- 
ing cardioangiography.) Since the stroke 
volume of the carotid artery is about 3.5 
cc., the injection of 7 cc. in approximately 
one and one-half seconds is a safe injection 
mass and forcing in a larger mass of ma- 
terial rapidly may account for some of the 
reported serious accidents. 


PATHOLOGY 


The etiology of carotid stenosis and its 
consequent thrombosis is arteriosclerosis 
in all but an occasional case. Rarely tumor, 
trauma or embolism may produce it di- 
rectly. It is not possible to consider the 
general problem of arteriosclerosis; how- 
ever, several worthwhile observations, not 
generally appreciated, can be made by 
studying the angiogram. With the excep- 
tion of Fisher’s findings, autopsy studies 
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have contributed very little of value to our 
knowledge of this problem in recent years; 
but clinical studies, especially angiography, 
are expanding our knowledge rapidly. 

There are 4 clinical and pathologic enti- 
ties apparent: (1) solitary constriction at 
the bifurcation of the common carotid ar- 
tery; (2) localized constriction in the ca- 
rotid siphon or in the anterior or middle 
cerebral arteries (Fig. 10; 11, 7 and B; and 
12); (3) multiple small plaques in secondary 
and tertiary cerebral arterial branches; 
and (4) uniformly narrow, sparse vessels 
throughout the brain without any definite 
identifiable plaques. 

The first two entities occur in a rela- 
tively young age group, usually go to com- 
plete occlusion, and often show disease in 
only one area. The third entity (Fig. 13) is 
commonly seen in a much older patient who 
typically develops senile mental changes 
and perhaps, very late, an intracerebral 
hemorrhage. While patchy, the disease is 
generalized. The fourth entity (Fig. 14) 1s 


Fic. 10. Short segment stenosis in the carotid canal, a very unusual site. 
Visible only in the anteroposterior view. 


Marvin M. Keirns and John E. Whiteleather Jone, 1959 


Fic. 11. (4 and B) Complete occlusion of the anterior cerebral artery. 


a peculiar process, the etiology of which is periarteritis nodosa as shown on femoral 
not understood. It is seen in association angiograms. 

with cerebral atrophy and its appearance Trauma would seem to play a role in 
is somewhat similar to Berger’s disease and the common occurrence of carotid occlu- 
sive disease at the bifurcation. An elon- 
gated, looped or redundant carotid artery 


Fic. 13. Multiple stenoses of major branches of the 

anterior and middle cerebral arteries. These are 

Fic. 12. Complete occlusion of the middle usually seen in the older patient and are typically 
cerebral artery. associated with senile dementia. 
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Fic. 14. Generalized uniform wire-like narrowing of 
all intracerebral vessels. This type of narrowing is 
thought to precede brain atrophy. 


has been seen frequently in our series of 
angiograms, and we have never observed 
stenosis or thrombosis in the cervical 
carotid artery in any of these patients. 
Therefore, it seems logical to assume that 
trauma to the area of the bifurcation by its 
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constantly being pinned against the spine 
by overlying neck muscles is an important 
etiologic factor. Eddy currents at a bifur- 
cation are probably another factor. 

Another apparent consequence of carot- 
id stenosis has been noted—the frequent 
association of carotid or cerebral stenosis 
and cerebral atrophy. Atrophy is the most 
common condition diagnosed by pneumo- 
encephalography, and the concomitant oc- 
currence of atrophy and stenosing plaques 
has been observed repeatedly. If on further 
study this proves to be a close relationship, 
the importance of diagnosing and treating 
stenosis may be even more significant. We 
have seen atrophy associated with all of 
the various types of stenosing disease de- 
scribed earlier (Fig. 15, 4, B and C; and 
16, 4 and B). 


TREATMENT OF CAROTID THROMBOSIS 


Two-thirds or more of all occlusions of 
the internal carotid artery start at the bi- 
furcation in the neck and only one-third 
occur intracranially;>* therefore, the ma- 
jority are quite accessible surgically. 


Fic. 15. (4, B and C) Traumatic occlusion of the internal carotid artery in the neck of a sixteen year old boy. 
Ascending thrombosis into the cranium. Endarterectomy with clot removal and restoration of carotid 
flow, but thrombosis of middle cerebral artery and continued hemiparesis. Hemiatrophy visible in ten days. 
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Fic. 16. (4 and B) Generalized uniform wire-like 
constriction of all intracerebral vessels with ad- 
vanced atrophy. 


In the past, a few cases have been treated 
by one of the following procedures: (1) 
stellate block or sympathectomy; (2) ar- 
terial stripping; (3) excision of the throm- 
bosed vascular segment to prevent spasm; 
(4) ligation of the carotid siphon intra- 
cranial:y to prevent emboli; (5) anticoagu- 
lants; and (6) endarterectomy. Only the 
last two procedures have proved to be of 
any great value. Anticoagulants will pre- 
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vent the thrombus from propagating from 
the neck up into the anterior and middle 
cerebral artery, but must be continued in- 
definitely, and do not in any way improve 
the cerebral ischemia, the major problem. 

Surgical relief of the occlusive disease has 
been attempted on 28 of our patients. 
Murphey, Schultz and DeSaussure" ex- 
plored or performed endarterectomies on 32 
cervical carotid arteries in these 28 pa- 
tients. Nineteen vessels were operated upon 
for complete occlusion and 13 for moderate 
or severe stenosis. In most cases there was 
bilateral involvement of neck vessels to 
some extent, and in Io patients there was 
serious vascular constriction on both sides. 
In 2 patients both internal carotid arteries 
were completely occluded. These patients 
were surviving only on collateral circula- 
tion by way of the vertebral arteries. One 
of these was endarterectomized bilaterally 
and experienced a dramatic return of func- 
tion. Table 1v gives the distribution of 
severe occlusive disease in these 28 patients. 

In the operated group 24 were males with 
an average age of fifty-eight years, and 4 
were females averaging sixty-two years of 
age. The youngest woman was forty-two 
years old and the youngest man forty-seven 
years. The seventeen year old boxer who 
suffered a traumatic occlusion as described 
earlier is included in this group. 

In all of the above cases endarterectomy 
was carried out or attempted; no perma- 
nent bypass grafts were inserted. In all 
cases except 4, anticoagulants were used for 


TABLE IV 


DISTRIBUTION OF SEVERE OCCLUSIVE DISEASE 
IN 28 PATIENTS OPERATED UPON 


No. of 


Cases 
Complete occlusion of one side II 
Severe stenosis (60 per cent or more) of one 
side 7 


Severe stenosis of one side; complete occlusion 

of the other side 7 
Severe bilateral stenosis I 
Complete bilateral occlusion 2 


of 
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Fic. 17. (4 and B) Fifty year old male with complete occlusion of the left internal carotid artery. Left en- 
darterectomy was performed with good return of flow but with residual occlusion of ascending frontoparietal 
artery and continued partial hemiparesis. This patient also presented severe stenosis on the right. Right 
endarterectomy was performed with good return of flow. 
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Fic. 18. Fifty-nine year old male with severe stenosis of internal carotid artery on the left and old com- 
plete occlusion on the right. Left endarterectomy was performed with marked clinical improvement. 


Fic. 19. Fifty-eight year old male with severe stenosis of the left internal carotid artery and mild sten 
osis of the right. Left endarterectomy was performed, followed by marked clinical improvement. 
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TABLE V 


RESULTS OF ENDARTERECTOMY ON 32 CAROTID 
ARTERIES IN 28 PATIENTS 


Complete occlusions 
Patency not restored 9 
Patency restored, no clinical improvement 6 
Patency restored, good result 4 
Patency restored, excellent result none 


Severe stenosis 


Patency not restored I 
Patency restored, no clinical improvement none 
Patency restored, good result 5 
Patency restored, excellent result “ 


a prolonged period of time and this is very 
essential in the successful surgical treat- 
ment. The results of surgery are sum- 
marized in Table v; the figures given refer 
to the 32 arteries operated upon. An abun- 
dant backflow of blood from the distal seg- 
ment of the internal carotid at the time of 
surgery established patency of the anterior 
cerebral artery, middle cerebral artery or 
both. If such a backflow cannot be ob- 
tained, there is obviously no possibility of 
improvement. 

It is readily apparent from this survey 
of results that a relatively small percentage 
of patients with complete occlusion are or 
can be helped by surgery. However, ex- 
ploration is justified because no other form 
of treatment offers the patient any hope of 
improvement, and the risk is slight. On the 
other hand the patient with severe stenosis 
can almost always be dramatically im- 
proved. All of these patients with stenosis 
had serious symptoms which, before angi- 
ography, were clinically indistinguishable 
from many of those produced by complete 
occlusion. 

Most of those patients with occlusion 
who were operated upon but were said to 
show no improvement actually improved 
to varying degrees. They followed the 
usual course of a stroke patient. In contra- 
distinction, the patients said to have a 
restoration of function, were improved far 
beyond any spontaneous recovery that 
might be hoped for. 

There were 5 deaths. In 3 it was not pos- 
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sible to establish patency of the carotid 
artery and they died three days, one week, 
and two weeks following operation. In 2 
others the operation was highly successful 
but 1 died several weeks later of a coronary 
artery occlusion and 1 six weeks later of an 
intracerebral hemorrhage following a severe 
fright. 

Of the 6 patients with complete occlu- 
sion in whom patency was established and 
no special improvement was experienced, 3 
were found on postoperative arteriography 
to have occlusions of the middle cerebral ar- 
tery and 1 had occlusion of the angular 
artery. (These patients should be diag- 
nosed early and treated as acute surgical 
emergencies if complete occlusion is to be 
prevented.) 

The visualization of the carotid siphon 
via collateral filling, when complete occlu- 
sion is present in the cervical internal ca- 
rotid artery, is usually obtained in those 
cases where successful re-establishment of 
the circulation is possible. Figures 17, 4 
and B, 18 and 1g illustrate 3 of the success- 
ful surgical cases. These “‘stroke’’ victims 
undoubtedly would have progressed to the 
usual hemiplegia, aphasia, or mental de- 
terioration and possibly death. While this 
is only a promising beginning, the encour- 
aging results obtained, along with the rapid 
improvement in vascular surgery, justify 
vigorous efforts at early diagnosis. 


SUMMARY 


This is a study of 1,535 patients who had 
had cerebral angiography including 626 
consecutive examinations in which the cer- 
vical carotid artery, as well as the intra- 
cerebral vessels, were routinely visualized. 
Equipment alterations, permitting demon- 
stration of the neck vessels on every 
cerebral angiogram, were initially made to 
better diagnose carotid occlusion. A study 
of the much broader problem of stenosis 
was an outgrowth. Much information on 
carotid insufficiency and cerebral ischemia 
was obtained—a condition which most 
commonly affects the brain and is the 
second most common cause of death. 

Stenosis, of varying degree, was seen 


q 
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three times more frequently than tumor, 
five times more frequently than aneurysm 
and fifteen times more frequently than 
arteriovenous anomaly. Carotid insufh- 
ciency is often clinically indistinguishable 
from tumor, intracerebral hemorrhage, 
cerebral embolus, or “idiopathic cerebral 
atrophy.” 

The process starts surprisingly early in 
middle life—it was observed coincidentally 
in patients as young as thirty-one years 
old and undoubtedly often exists for years 
before diagnosis. In the early or develop- 
ing stage carotid insufficiency produces a 
variety of minimal symptoms: headache, 
mental disturbances, transient paresthe- 
sias, or speech disturbances that are usu- 
ally ignored or casually dismissed. Yet, 
even at the present status of vascular sur- 
gery, some of these people can be success- 
fully treated and should be so treated be- 
fore a complete occlusion occurs. 

This early surgical treatment is possible 
only if the disease process is suspected and 
the patient referred for angiography early. 
This should be done on patients of all 
types and all ages including those who have 
just suffered an acute cerebrovascular ac- 
cident. This policy has proved safe. 

Locations where stenosing plaques have 
been noted are those where complete occlu- 
sion most frequently occurs. Undoubtedly, 
stenosis leads to occlusion and treatment of 
the stenosing plaque prevents the later 
occlusion. Four types of stenosing disease 
have been observed, each with its own 
clinical and pathologic characteristics. 

Correlation between carotid and cere- 
bral vascular stenosis and atrophy was 


established. 


John E. Whiteleather, M.D. 
Department of Radiology 
Baptist Memorial Hospital 
Memphis, Tennessee 
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A METHOD FOR LOCALIZING THE PINEAL GLAND 
ON ANTEROPOSTERIOR PROJECTIONS 


By JOHN R. McLAREN, M.D.* 


ATLANTA, GEORGIA 


OT infrequently the radiologist is 

asked to evaluate roentgenograms of 
the skull for the position of the pineal 
gland. Unfortunately, because of the indi- 
cations for such a request, the patient often 
is unable to cooperate or cannot be satis- 
factorily immobilized and some rotation is 
present on the roentgenogram. This paper 
describes a method in which a line deter- 
mined by two mid-sagittal structures is 
used to localize the pineal gland in antero- 
posterior views of the skull. 

The pineal gland may be localized in this 
view by measuring the widest transverse 
diameter of the skull, using either the inner 
or outer tables of the skull, and taking the 
mid-point of this distance as the normal 
pineal position. Fray! in 1936 showed that 
this method was relatively insensitive to 
rotation and that 15 degrees of rotation did 
not significantly alter the position of the 
pineal gland. This method has the disad- 
vantage that one is not actually measur- 
ing the mid-sagittal plane of the brain and 
any asymmetry of the skull will introduce 
some error. 

In 1940, Reinhold® described a method 
whereby a line drawn between the mastoid 
tips is bisected with a perpendicular line. 
If the pineal gland is not displaced, the per- 
pendicular line will pass through the gland 
whether or not rotation is present. This 
method may be further simplified by the 
use of a compass in which the pineal gland 
is used as the center and arcs are drawn in 
the region of the mastoid tips. If the pineal 
gland is in normal position, these arcs will 
pass through both tips, even in the presence 
of rotation. However, again lateral skull 
structures are used and asymmetry will in- 
troduce some error. 

Vastine and Kinney® have pointed out 
the two disadvantages of determining lat- 


eral displacement of the pineal gland in the 
anteroposterior projection; namely, (1) 
any rotation of the head makes accurate 
evaluation difficult, and (2) the gland is 
more difficult to visualize in this projec- 
tion. Various techniques have been de- 
veloped to assure a true anteroposterior 
projection. Naffzigert used a stethoscope 
with an attached pointer to aid in position- 
ing the patient. Sosman employed a pelvim- 
eter caliber with ear pieces in much the 
same manner. Since methods are available 
for localizing the pineal gland in the pres- 
ence of rotation, such procedures are no 
longer necessary. Naffziger‘ pointed out 
that the second objection can be minimized 
by projecting the central ray caudally 
through the vertex so as to throw the fron- 
tal sinuses out of the projection of the 
pineal shadow. 


PROCEDURE 


A dried skull was designed with a lead 
pineal gland which was orientated both in 
normal and abnormal positions. Roentgen- 
ograms in the anteroposterior,* Chamber- 
lain-Towne,t and posteroanterior views 
were then made in both the true projection 
and a projection with 10 degrees rotation. 
These were studied for mid-sagittal land- 
marks so situated anterior and posterior to 
the pineal gland that any rotation of the 
skull would shift one point to the left and 
the second to the right. A reference line 
connecting these two points would have the 
same position relative to the pineal gland in 
true and rotated views. The pseudopineal 


* Anteroposterior view refers to an anteroposterior projection 
of the skull with the meatal-orbital line perpendicular to the film. 
The central ray passes through the pineal gland with a 20-25 
degrees caudal tilt. 

{+ Chamberlain-Towne view refers to an anteroposterior pro- 
jection of the skull similar to the anteroposterior view, but the 
caudal tilt is increased 35 degrees. 


* Fellow, National Cancer Institute, while at Duke University Medical Center, Durham, North Carolina. 
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gland in various positions in the dried skull 
was localized by three observers, using the 
mid-point of the widest transverse diameter 
of the skull and the reference line described 
above. 

These landmarks were applied to skull 
roentgenograms of patients with normally 
and abnormally placed pineal glands. In 
some cases roentgenograms in both true 
and rotated views were made and the posi- 
tion of the pineal gland was localized, using 
the method described by Fray as well as the 
reference lines described above and these 
results were compared. 


RESULTS 


In the anteroposterior and Chamberlain- 
Towne views of the dried skull, a line con- 
necting the mid-point of the dorsum sellae 
and lambda passed through the normally 
placed pineal gland even in the presence of 
10 degrees rotation. The relative position 
of the abnormally placed pineal gland to 
the line was similar in both the true and 
rotated projections. In the Chamberlain- 
Towne view, the posterior margin of the 
foramen magnum is visible, and it was 
found that a line connecting the opisthion 
and the bregma gave similar results. The 
intersection of these two lines was located 
within the normally placed pineal gland. In 
posteroanterior views, no anterior point 
could be identified which gave satisfactory 
results. These landmarks were all so far an- 
terior that with rotation there was greater 
separation between the anterior landmark 
and the pineal gland than between the pos- 
terior landmark and the pineal gland. This 
resulted in an apparent pineal shift in a 
direction opposite to the rotation of the an- 
terior landmark. 

The localizations of the pseudopineal 
gland are shown in Table 1. The localiza- 
tions of the pineal gland in 16 patients are 
shown in Table 1. 


DISCUSSION 


It is fortunate that these particular 
points gave satisfactory results because in 
the majority of skulls they can be identi- 
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fied. If difficulty is encountered in identify- 
ing the bregma or lambda, stereoscopic 
roentgenograms are of value in localizing 
these points. These points were more difhi- 
cult to determine in the skulls of senile pa- 
tients. Due to the projection in the Cham- 
berlain-Towne view, there may be some dif- 
ficulty in differentiating the bregma from 
the lambda. The fact that with rotation the 
bregma and lambda shift in opposite direc- 
tions relative to one another and to the 
opisthion and the mid-point of the dorsum 
sellae respectively was of value in localiza- 
tion as were stereoscopic roentgenograms 
of the skull. These points and the above 
shift are illustrated in Figure 1. 

One may maintain that the mid-point of 
the dorsum sellae is subject to the same 
error of asymmetry as the use of the wid- 
est transverse diameter of the skull; how- 
ever, this structure is small enough that a 
slight asymmetry is detectable roentgeno- 


Fic. 1. A rotated anteroposterior roentgenogram of 
the dried skull to demonstrate the reference points 
(X=mid-point of dorsum sella, B=bregma, 
L=lambda, O=opisthion), the reference lines, and 
the manner in which the reference points change 
with rotation. 


a 

é 
é 


| 
| 
| 
| 


VoL. 81, No. 6 


Localization of Pineal Gland 


947 


TABLE 


Widest Transverse Diameter 


LOCALIZATION OF PSEUDOPINEAL GLAND IN DRIED SKULL 


Mid-Sagittal 


Inside Tables Outside Tables 
(in mm.) 
(in mm.) (in mm.) 
Anteroposterior! True 1.2R (0.5-1.5) o.5R 3.2R (3.0-3.5) 
Rotated (right) 1.3R (1.0-1.5) 1.0R (0.5-1.5) 3-7R (3.0-5.0) 
Posteroanterior True 3-OR (2.5-3.5) 2.2R (1.5-3.0) 2.8R (2.5-3.5) 
Rotated (right) 2.8R (0. 5-4.0) 3.3R (2.5-4.0) 0.7L? (0.0-1.0) 
Anteroposterior! True 2.2L (1.5-3.0) 2.0L 0.8L (0.§-1.0) 
Rotated (right)* 3.8L (3.0-4.0) 3-7L (3.0-4.0) 0.2L (0.0-0.5) 
Posteroanterior True ee 3-7L (3.0-4.0) 1.0L 
Rotated (right) 1.0L (0.5-2.0) 1.0L (0.5-2.0) 3.3L? (3.04.0) 


True 
Rotated (right) 


Anteroposterior 


1.2L (0.5-1.5) 
1.8L (1.0-3.0) 


2.2L (2.0-2.5) 
2.7L (2.5-3.0) 


0.3L (0.0-1.0) 
0.7L (0.§-1.0) 


True 
Rotated (left) 
Rotated (right) 


Anteroposterior 


6.7R (6.0-7.5) 
6.5R (6. 
6.3R (5.0-7.0) 


6.2R (6.0-6.5) 
5.7R (5.0-6.0) 
6.7R (6.0-7.0) 


6.oR 
6.5R (6.0-7.0) 
6.7R (6.0-7.0) 


O-7.0) 


Numbers in parenthesis are the range of localization by three observers and the number preceding the parentheses is the average 


of the three observations. 
1 Chamberlain-Towne view. 
2? Glabella used as the anterior point. 
3 Rotated 20°. 


graphically. In some instances due to de- 
mineralization, the dorsum sellae is diffi- 
cult to visualize, but the anterior clinoids 
are plainly seen. In such cases the mid- 
point of the distance between the anterior 
clinoids is a suitable substitute for the mid- 
point of the dorsum sellae if only slight ro- 
tation is present (Fig. 2). However, differ- 
ences due to asymmetry are difficult to as- 
certain at these two points. 

Fray! found a variation up to 2 mm. of 
the position of the pineal gland relative to 
the mid-point of the widest transverse di- 
ameter in 22 normal cases. For this reason 
he considers any shift less than 2 mm. to 
be within normal limits. He listed two theo- 
retic reasons why such a range is necessary 
for a structure which should normally be in 
the mid-sagittal plane. These are: (1) If 
lateral structures are used, asymmetry will 
introduce error; and (2) the pineal gland 
may calcify eccentrically. If any rotation 
in the anteroposterior projection is present, 


a third reason is necessary because of the 
normal range of the position of the pineal 
gland in the anteroposterior diameter in 
the lateral view. This range will be a func- 
tion of the normal variability of the pineal 
gland in the lateral view and the amount of 
rotation. 

It is seen from Tables 1 and 11 that when 
using the mid-sagittal landmarks in the an- 
teroposterior projection, the maximum 
shift with rotation was 1 mm. In the pos- 
teroanterior projections using mid-sagittal 
landmarks, the differences with rotation 
were 3.5, 2.3, and 1.5 mm. The explanation 
of this is given under RESULTS. 

The position of the pineal gland in true 
and rotated anteroposterior and postero- 
anterior projections when localized by use 
of the mid-point of the widest transverse 
diameter differed by less than 2 mm. ex- 
cept in those cases in which the rotation ex- 
ceeded the 15 degrees limit suggested by 
Fray and in Case 8, Table st. Here, in addi- 
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TaB_Le II 


COMPARISON OF PINEAL GLAND LOCALIZATION USING THE MID-POINT OF WIDEST DIAMETER AND MID-SAGITTAL 
LANDMARKS IN TRUE AND ROTATED ANTEROPOSTERIOR VIEWS 


Position of Pineal Gland 


Case No. View Mid-Point of Trans- Mid-Sagittal 
verse Diameter Landmarks 
(in mm.) (in mm.) 
I Anteroposterior, no rotation 2.0L 2.0L 
Anteroposterior, 15° rotation to right i ohio 2.0L 
Anteroposterior, 20° rotation to right 4.0L 2.0L 
Anteroposterior, 20° rotation to left 2.5R 3.0L 
Posteroanterior, no rotation 2.0L 1.5L 
Posteroanterior, 15° rotation to left 1.0L 0.0 
2 Anteroposterior, no rotation 10.0L 10.0L 
Anteroposterior, marked rotation 9.0L 
3 Anteroposterior, no rotation o.5L 0.0 
Anteroposterior, marked rotation 0.5L 0.0 
4 Anteroposterior, no rotation 1.5R 2.0R 
Anteroposterior, marked rotation to left 2.0R 1.0R 
Anteroposterior, marked rotation to right 0.0 2.0oR 
5 Anteroposterior, no rotation 1.5R 1.0oR 
Anteroposterior, moderate rotation to left 3.5R 1.0R 
Anteroposterior, moderate rotation to right 0.0 0.0 
6 Anteroposterior, no rotation 7.0R 6.oR 
Anteroposterior, marked rotation to right 4.0R 6.oR 
Anteroposterior, marked rotation to left 9.oR 7.0OR 
eg 7 Anteroposterior, no rotation 0.0 0.0 
fs Anteroposterior, moderate rotation to right 2.0L 0.0 
Anteroposterior, moderate rotation to left 0.0 1.0R 
8 Anteroposterior, no rotation 0.0 0.0 
Anteroposterior, marked rotation to right 6.0L? 0.0 
Anteroposterior, marked rotation to left 3-0R? 0.0 
: 9 Anteroposterior, slight rotation 1.5R 1.5R 
10 Anteroposterior, no rotation 0.0 0.0 
II Anteroposterior, slight rotation 0.0 0.0 
12 Anteroposterior, slight rotation 0.0 0.0 
13 Anteroposterior, slight rotation 5.0oR 6.oR 
14 Anteroposterior, slight rotation o.5R 1.5R 
15 Anteroposterior, slight rotation 2.0L 2.0L 
16 Anteroposterior, no rotation 1.0L 0.0 


1 Unable to measure because one side of skull was off the film. 
2 Apparently some asymmetry with slight flattening of left side. 
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Fic. 2. Skull roentgenograms demonstrating the use of the mid-point of the distance between the anterior 
clinoids in place of the mid-point of the dorsum sellae. The appropriate anatomic structures were retouched 


so they would show on roentgenograms. 


tion to the rotation being marked, there 
was some asymmetry of the skull with the 
left side being somewhat flattened. 

It was noted when using the mid-point 
of the widest transverse diameter in antero- 
posterior and Chamberlain-Towne views, 
that the rotation produced an apparent 
shift of the pineal gland in the opposite di- 
rection to the rotation of the anterior as- 
pect of the skull. This was true where the 
rotation was slight and the differences in lo- 
calization in the true and rotated views 
were slight (1.0-1.5 mm.). It appears that 
the axis of rotation, the curvature of the 
parietal bones, and the position of the pin- 
eal gland are such that rotation produces 
an apparent, but slight, shift of the pineal 
gland relative to the projection of the lat- 
eral skull margins on the roentgenogram 
opposite to the direction of rotation. This 
was not true when mid-sagittal landmarks 
were used. 

In Table 1 on all localizations excepting 
those with a marked shift, the position of 
the pineal gland as determined by the wid- 
est transverse diameter was approximately 
I to 2mm. to the left of the position deter- 
mined by the use of mid-sagittal land- 


marks. The fact that this difference was al- 
ways to the same side strongly suggests 
that there is a factor other than slight in- 
accuracies in measurements, and a possible 
explanation would be a slight asymmetry 
of the skull with the left side being smaller. 
When the transverse section of the skull 
was checked, this was shown to be true. 

It is obvious that if the pineal gland is 
not at the center of rotation, an apparent 
shift of this gland will be projected onto ro- 
tated anteroposterior roentgenograms. The 
extent of this shift will depend upon the 
degree of rotation (@) and the distance of 
the pineal from the axis of rotation (d). The 
shift from the mid-line will be d sin 8. 

It is not necessary, however, that the 
pineal gland be localized in the axis of rota- 
tion for the use of the mid-point of the wid- 
est transverse diameter or of mid-sagittal 
landmarks to be insensitive to rotation. In 
the former the radius of curvature of the 
parietal bone lateral to the pineal gland 
may be such that the change in the projec- 
tion of the skull table would compensate 
for any change of the position of the pineal 
gland due to rotation. In the latter method 
the anterior and posterior landmarks were 
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so chosen that rotation produced equal but 
opposite shifts of the points from the pin- 
eal gland. Nevertheless, a change from a 
normal position of the pineal gland along 
the anteroposterior diameter will affect its 
position in a rotated anteroposterior view, 
and the extent of the normal range in the 
lateral view will define a limit of variability 
in rotated anteroposterior views which will 
increase as the degree of rotation increas- 
es. 

Lilja* in 1934 localized normal pineal 
glands with respect to 11 measurements in 
the lateral skull views of 769 patients. 
The diameter which quite closely approxi- 
mates the anteroposterior diameter of the 
skull which is traversed by the central ray 
in anteroposterior skull projections was 
18.68 cm., with a standard deviation of 
1.12 cm. The possibility of this diameter in 
any patient exceeding 21.60 cm. (18.6 cm. 
+2.5X1.12 cm.) is less than 5 out of 1,000. 
In describing his proportional method for 
localization of the pineal gland in the lat- 
eral skull view, Fray? gives a range of 5 
per cent of the anteroposterior diameter. 
The range in centimeters for the largest 
skulls is 0.05 X 21.6 cm. or 1.08 cm. This is 
in agreement with the range of I cm. on 
Vastine and Kinney’s charts.® 

Using a normal range of I cm., we can 
calculate the maximum degree of rotation 
which can be tolerated in the anteropos- 
terior projection permitting a normal range 
in this projection of 0.2 cm. This is done for 
two situations since we do not know the 
position of the axis of rotation. If the axis 
of rotation passes through the mid-point of 
the normal range of the position of the pin- 
eal gland, d equals one half of the normal 
range and the change with rotation is a 
minimum. However, if the axis of rotation 
lies outside the normal range of the posi- 
tion of the pineal gland in the anteropos- 
terior diameter, then d equals 1 cm. and 
the shift is maximum. In the former case 
0.2 cm. =0.50 cm. Sin or 23.6°; and in 
the latter, o.2 cm. = 1.0cm. Sin@ or@=11.4°. 
Hence, moderate degrees of rotation will 
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not produce intolerable apparent shifts of 
the pineal gland due to the normal varia- 
bility of the position of the gland on lateral 
projections. It is possible that the product 
of an actual anterior or posterior shift of 
the pineal gland and the sine of the degrees 
of rotation of an anteroposterior skull 
roentgenogram would compensate for a 
slight pathological shift to the right or left. 
However, this is improbable and in any 
case could be checked by evaluating lateral 
skull films or anteroposterior views rotated 
in a direction opposite and approximately 
equal to the rotation on the films in ques- 
tion. 

There are occasions when due to trauma 
or surgery, or because of obviot& asymme- 
try of the parietal region of the skull, mid- 
sagittal landmarks must be used to eval- 
uate the pineal gland. Frequently, such pa- 
tients cannot be positioned properly or 
cannot be properly immobilized. In these 
instances, the method described here is of 
value (Fig. 3). 

The anteroposterior roentgenograms de- 
scribed in this paper and made routinely at 
this institution were made as suggested by 
Naffziger‘ in that the caudal tilt throws the 
frontal sinuses out of the projection of the 
pineal gland. Nevertheless, not infrequent- 
ly there is some question as to whether or 
not a density is the pineal gland, or faintly 
calcified pineal glands are obscured by the 
occipital ridge. Usually stereoscopic views 
are of value, particularly in differentiating 
two densities; however, in case that stereo- 
scopic equipment is not available or if the 
patient cannot be properly immobilized for 
stereoscopic views, another approach is 
possible. Since the pineal gland can be ac- 
curately localized in the presence of a mod- 
erate degree of rotation, anteroposterior 
roentgenograms with approximately to de- 
grees of rotation to the right and left can 
be taken and the position of the suspected 
density evaluated. Unless the density is the 
pineal gland or a calcified density in very 
close proximity to the pineal gland, there 
is a significant change in position in the 
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Fic. 3. An anteroposterior roentgenogram of a post- 
operative skull. The localization of the pineal gland 
was the same using the mid-point of the widest 
transverse diameter and the mid-sagittal reference 
line. However, the radiologist who reported ,this 
case was accustomed to using the mid-point of the 
widest transverse diameter and suspected that 
the pineal shift here might have been caused by the 
slight elevation of the bone flap. The anatomic 
points of interest were retouched so these would 
show on the roentgenogram. 


two rotated views (Fig. 4). Figure 5 demon- 
strates a case in which a faint indefinite 
density in the true anteroposterior projec- 
tion is better visualized on anteroposterior 
roentgenograms rotated to the right and 
left. The reference lines intersect within 
this density, showing that it lies in the 
position of the normal pineal gland. 


CONCLUSIONS 


1. On both anteroposterior and Cham- 
berlain- Towne roentgenograms of the skull 
a line connecting the mid-point of the 
dorsum sellae to the lambda and a line con- 
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necting the opisthion to the bregma passes 
through the normally placed pineal gland 
whether or not rotation is present. If the 
pineal gland is abnormally placed, its posi- 


Fic. 4. These roentgenograms demonstrate a case in which a density which was thought to represent the 
pineal gland was shown to rotate away from the reference lines and to lie posterior to the normal position 
of the pineal gland. In both rotated views an indistinct area of calcification was noted at the intersection of 
the two lines and in retrospect could be suspected in the true anteroposterior view as lying in the mid- 
sagittal plane superior to the more prominent density. The necessary anatomic structures were retouched 


so they would show on the roentgenograms. 


989 
ral 
of 

ted 

or 
1ese 
s of | 

de- 
y at 
1 by 
the 

t can : 
octed 
is the | 
very 
there 
1 the 


John R. 


McLaren 


June, 1959 


Fic. 5. Roentgenograms of a skull in which the faint calcification in the position of the normal pineal gland 
is visualized in the rotated views with more certainty than in the true anteroposterior view. The appropri- 
ate anatomic landmarks were retouched so that they would show on roentgenograms. 


tion relative to the reference lines is un- 
changed with rotation, provided the posi- 
tion in the lateral view is within normal 
limits. 

2. On posteroanterior roentgenograms, 
no anterior landmark could be found which 
fulfills the necessary criteria. These all 
shifted farther with respect to the pineal 
gland than did the posterior landmark, giv- 
ing the appearance of a shift of the pineal 
gland. 

3. Due to a normal variation in the posi- 
tion of the pineal gland in the anteropos- 
terior diameter of the skull, a normal range 
on rotated anteroposterior skull roentgeno- 
grams must be defined which will increase 
with the degree of rotation. When the ex- 
tent of rotation is slight, this range is only 
I or 2 mm.; hence, small shifts of the pin- 
eal gland on rotated anteroposterior skull 
roentgenograms must be evaluated. 

4. Since the pineal gland can be ade- 
quately localized on rotated anteroposterior 
roentgenograms of the skull, such roent- 
genograms can be used to advantage to bet- 


ter visualize faintly and indistinctly calci- 
fied pineal glands. 


Department of Radiology 
Emory University School of Medicine 
Atlanta, Georgia 
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A NEW METHOD FOR LOCALIZING THE CALCIFIED 
PINEAL GLAND ON THE LATERAL 
SKULL ROENTGENOGRAM* 


By JOSEPH Kk. ISLEY, Jr., M.D., and GEORGE J. BAYLIN, M.D. 


DURHAM, NORTH CAROLINA 


a. change in position of the calcified 
pineal gland as an important sign in 
localization of intracranial lesions was first 
pointed out by Naffziger in 1925.4 Two 
years later Vastine and Kinney’ described a 
method of localizing the calcified pineal 
gland on the lateral roentgenogram of the 
skull in which four points of reference on 
the inner table were utilized. The points 
were: frontal, occipital, vertex and base. In 
1934 Lilja* made a series of measurements 
utilizing many points of the internal table 
for evaluation of pineal gland localization. 
Fray! in 1937 described a method similar to 
that of Vastine and Kinney with the same 
points of reference; however, he utilized an 
elastic band marked off to delineate the 
limits of the normal pineal gland. This al- 
lowed an increase in the area of normality 
in the larger skull. He described this as a 
“proportional” method. In 1955 Geffen? de- 
scribed a ‘“‘ruler-graph” for localization of 
the pineal gland on the lateral roentgeno- 
gram. This is based on the Vastine and 
Kinney method with certain modifications. 

This is a report on another method which 
utilizes points of reference other than those 
of the internal table. 


MATERIAL 


True lateral skull roentgenograms were 
done on 121 Duke Hospital patients. These 
patients were questioned as to neurologic 
complaints. All had been brought into the 
hospital and were being treated for condi- 
tions not indicative of central nervous sys- 
tem disease. Only those patients over thirty 
years of age presenting calcified pineal 
glands were included in this study (Table1). 

A second series of skull roentgenograms 
of 28 patients with known intracranial le- 


sions and calcified pineal glands was also 
examined (Table 11.) 


TECHNIQUE 


A line was extended from a point located 
at the middle of the base of the nasal bone 
(nasofrontal articulation) to a point lo- 
cated mid-way between the anterior and 
posterior clinoids. A second line was then 
extended from this interclinoid point to the 
middle of the pineal calcification. The 
habenula was included as a portion of the 
pineal calcification since the two are so fre- 
quently inseparable roentgenographically. 
A measurement of the superior angle was 
carried out with an angle measuring device. 
The distance between the interclinoid point 
and the midpoint of the pineal calcification 
was measured with a standard centimeter 
ruler. The points of reference are illus- 
trated in Figure 1. 

The measurements thus obtained were 
compared with those obtained by use of 
the Geffen ruler-graph* and the pineal cal- 
culatorf as used at the Neurological Insti- 
tute, New York City. 


RESULTS 


In the group of 171 clinically normal pa- 
tients over the age of thirty years, a calci- 
fied pineal gland was detectable in 121, or 
71.3 per cent. The nasopineal angle had a 
range in this group of 135° to 161° with an 
average of 148°. From these data a range of 
normal with a g§ per cent confidence limit 
for the nasopineal was found to be 138.5 to 
157.5 degrees. 

The sella turcica to pineal gland distance 


* Obtained from Picker X-ray Corporation, 25 South Broad- 
way, White Plains, New York. 
+ Obtained from Ansco, Binghamton, New York. 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 
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Fic. 1. Diagram showing the distance between the 
interclinoid point and the midpoint of the pineal 
calcification. 

N. Base of nasal bone. 

A. Nasal to sella turcica line—passing through 
midpoint of ‘‘N”’ to midpoint between anterior 
and posterior clinoid and on same level as tips. 

B. Nasopineal angle; normal range (95 per cent 
confidence) 138.5 to 157.5 degrees. 

S. Sella turcica. 

C. Sella turcica to pineal gland line; normal dis- 
tance (95 per cent confidence) 3.9 to 5.3 cm. 


P. Pineal gland. 


had an over-all range of 3.4 cm. to 5.4 cm. 
with an average of 4.6 cm. The range of 
normal with a gs per cent confidence limit 
for the sella turcica to pineal gland distance 
Is 3.9 to 5.3 cm. 

The series of patients with proved space 
occupying intracranial lesions showed that 
only 10 had pineal glands within normal 
range by all three methods. A further anal- 
ysis of this study is shown in Table 11. 


TABLE | 


COMPARISON OF I2I CLINICALLY NORMAL 
PATIENTS 


Outside 


Within 
Method of Localization Normal N ns 
ormal 
Range 
New York City Neurological 
Institute 100 21 
Geffen Ruler-graph 101 20 
Nasopineal* 108 13 
All Three Methods 83 I 
Nasopineal and New York City 
Neurological Institute Method — 2 
Nasopineal and Geffen Ruler- 
graph go 2 
New York City Neurological In- 
stitute Method and Geffen 
Ruler-graph gI II 


* 95 per cent confidence limit applied. 
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TaBLe II 


COMPARISON OF 28 PATIENTS WITH EXPANDING 
INTRACRANIAL LESIONS 


Within Outside o 


Method of Localization Normal Normal 
Range Range 
New York City Neurological 
Institute 15 13 
Geffen Ruler-graph 19 9 
Nasopineal 17 II 
All Three Methods 10 5 
Nasopineal and New York 
City Neurological Institute 
Method 10 6 
Nasopineal and Geffen Ruler- 
graph II 5 
New York City Neurological 
Institute Method and Geffen 
Ruler-graph 14 
DISCUSSION 


This method of localizing the pineal 
gland on the lateral roentgenogram utilizes 
points of reference which appear to be more 
definite and more fixed than in the meth- 
ods which have been previously described. 
This fact might offer an advantage in that 
there is less likely to be any subjective ele- 
ment present in the interpretation. 

This procedure may be carried out by 
marking three points on the film. With this 
phase of the operation, there is no room for 
subjective influence. If then the appropri- 
ate lines are drawn, and the angle and dis- 
tance measured, this also becomes an objec- 
tive procedure. 

The ease with which this method may be 
carried out offers a very definite advantage. 

Using the above findings, a localizer may 


LATERAL PINEAL LOCALIZER 


Poss line A-B thru mid portion of base of 
nasal bone with point B placed midway 
between tips of anterior and posterior 
Clinoids. The midpoint of a normal pineal 
should fall within area C. 


© 


A B 


Fic. 2. Lateral pineal localizer. 
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be designed which when superimposed on 
the lateral skull roentgenogram shows im-_ , 
mediately whether there is displacement of 
the pineal gland and, if so, how much and 

in what direction (Fig. 2). 


SUMMARY 


A new method of localizing the calcified 
pineal gland on the lateral skull roentgeno- 
gram is described. This utilizes reference 
points on the base of the nasal bone, the 
sella turcica and the pineal gland. 
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THE ROENTGENOLOGIC ASPECTS 
OF TYMPANOPLASTY * 


AN OTOLOGIST’S VIEWPOINT 
By W. E. COMPERE, Jr., M.D 


LOS ANGELES, CALIFORNIA 


ci concept of otologic surgery has 
been revolutionized within the lifetime 
of the present medical generation. Chemo- 
therapy and antibiotics have dramatically 
decreased the number of mastoidectomies 
necessary for the treatment of acute 
mastoiditis and petrositis. The introduction 
of practical fenestration for the improve- 
ment of hearing was the first great stride in 
the surgical treatment of deafness. Trans- 
tympanic stapedial footplate surgery has 
further broadened the scope of the opera- 
tive treatment of otosclerosis. 

The diminution in the incidence of acute 
mastoiditis proportionately decreased the 
incidence of requests for roentgenologic ex- 
aminations of the temporal bone. The in- 
crease in surgical procedures for the relief of 
the hearing loss of otosclerosis, however, 
was not reflected in an increased number of 
roentgenologic examinations, since oto- 
sclerosis cannot be demonstrated roent- 
genologically. Preoperative roentgeno- 
grams taken for medicolegal purposes only, 
before fenestration surgery, have led, if 
anything, to roentgenograms of poor qual- 
ity and have promoted careless technique 
and haphazard interpretation. 

The recent introduction of the concept of 
tympanic cavity reconstruction for the res- 
toration of serviceable hearing through the 
procedures of myringoplasty and tympano- 
plasty, rather than the purely destructive 
concept of radical mastoidectomy, has af- 
forded a new opportunity for the radiol- 
ogist to provide important information be- 
fore temporal bone exploration is under- 
taken. 
bs The success of tympanic cavity recon- 
struction depends principally upon: (1) 


eradication of infection; (2) normal eusta- 
chian tube function; and (3) maintenance 
of an intact, viable skin graft closing the 
new tympanic cavity. 

The surgeon is no longer primarily in- 
terested in the anatomy of the mastoid 
process and pathologic changes within its 
pneumatic system.*® Except in revisions, 
statements such as those referring to the 
situation, width, breadth, etc., of the lateral 
sinus are of absolutely minor importance, 
because every surgeon past the beginner’s 
stage has learned to find the lateral sinus 
without any difficulty during the operation 
and to avoid injuring it.* The classification 
of mastoids into pneumatic, nonpneumatic, 
and mixed types, while affording some 
knowledge of the general structure of the 
temporal bone, has never been of any real 
value to the otologist, and it must be ad- 
mitted that little distinction can be made 
between the noncellular types on a roent- 
genologic basis.° A more useful classification 
has been suggested by Diamant.” 

The surgeon now requires accurate in- 
formation concerning the extent and activ- 
ity of disease in the attic and aditus (Fig. 1 
and 2). The less surgical exploration neces- 
sary, the better the blood supply in the site 
of the skin graft, and thus, the better 
chance of the maintenance of a viable graft. 

Likewise, if exploration of the hypo- 
tympanum and eustachian tube orifice can 
be avoided, the graft has a better chance of 
taking. Although the otologist can, by in- 
flation, evaluate the patency of the tube to 
the passage of air from the nasopharynx to 
the middle ear, he cannot tell whether or 
not the tube will clear the tympanic cavity 
of secretions. Patency of the tube to infla- 


* From the Department of Otolaryngology, University of Southern California School of Medicine, and the Moore-White Medical 
Clinic. 
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Fic. 1. Owen’s position. Malleus and incus intact. 
Arrows indicate well-defined area of bone destruc- 
tion in the epitympanic space. A typical “attic” 
cholesteotoma. (Reproduced by permission from 
Dr. George E. Shambaugh, Jr., and the W. B. 
Saunders Company.) 


tion and the ability of the tube to clear 
secretions from the middle ear are not 
synonymous. 

The continuity of the ossicular chain can 
be determined rather accurately by various 
audiometric studies including the use of the 
acoustic probe. In cases of discontinuity of 
the ossicular chain, however, the condition 
and position of the malleus and incus can be 
determined roentgenologically (Fig. 3 and 
4). At the present time, the incudostapedial 
joint and stapes cannot be satisfactorily 
identified. 

Such conventional positions as the Cham- 
berlain-Towne" and base view of the skull 
have little value in the examination of 
chronic cases because, although the tym- 
panic cavity and antrum are visible, the 
relatively great mastoid-to-cassette dis- 
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Fic. 2. Mayer’s position. Malleus and incus appear 
intact. Arrows indicate an obvious area of bone 
destruction in the epitympanic space which ex- 
tends into the aditus. Another typical “attic” 
cholesteotoma. (Reproduced by permission from 
Dr. George E. Shambaugh, Jr., and the W. B, 
Saunders Company.) 


tance produces loss of detail and clarity of 
projection; and in the Law position,® the 
attic-aditus-antral area is obscured entirely 
(Fig. 5 and 6). Laminagrams, while holding 
promise of great value in the future, have 
as yet revealed no more information than a 
good stereoscopic examination taken in 
properly chosen positions. 

Since it is impossible to demonstrate all 
the desired anatomic features of the tem- 
poral bone sufficiently well by means of any 
one projection, multiple exposures, each de- 
signed to portray some particular feature of 
the temporal bone, are essential. 

Mayer® in 1926 recommended a mastoid 
series consisting of stereoscopic roentgeno- 
grams taken in Schiiller’s, Stenvers’, and 
Mayer’s projections. Schiiller’s position,° 


= 

real | 

ad- 

ade 

on t- 

rion 

in- 

tiv- 

g. I 

ces- 

site 

tter 

-aft. | 

po- 

can 

of 

in- 

ye to 

x to ; 

ror 

vity 

nfla- 7 

ledical 


Fic. 3. Owen’s position. There is a well-defined area 
of bone destruction in the epitympanic space ex- 
tending into the aditus. The arrows indicate ero- 
sion of the long process of the malleus and of the 
incus. 


taken laterally from a cephalocaudad angle 
of 25 to 30 degrees, reveals the pneumatic 
structure of the mastoid process, as well as 
the sinus and dural plates (Fig. 7). 
Stenvers’ position, taken from a caudo- 
cephalad angle of 12° with a 45° rotation of 
the head to bring the petrosa parallel to the 
film, projects the antrum to the best ad- 
vantage (Fig. 8). The labyrinth, dural plate, 
the area of the tympanic cavity, and the 
cellular structure of the mastoid process are 
also visible. Unfortunately, there is no 
possible plane of projection by which one 
can bring the petrous pyramid directlv 
onto the film, or avoid confusion by the pro- 
jection of other osseous anatomic parts up- 
on it. The visualization of the petrosa 
through the temporal fossa and the occipital 
bone, as in Stenvers’ position, makes this 
the most desirable view for the examination 
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Fic. 4. Owen’s position. A postoperative modified 
radical mastoidectomy cavity. The “‘bridge’’ is 
down. The arrow indicates the malleus. The incus 
appears to be missing. At surgery it was found to 
have been displaced into the tympanic cavity in a 
previous operation. 


of the cochlea, internal auditory canal, and 
the cellular structure of the petrous  pyr- 
amid. 

For the examination of the temporal bone 
in chronic otitis media and mastoiditis, the 
Mayer position® gives information unob- 
tainable in any other view except for the 
Owen modification. Only in these projec- 
tions can the attic and aditus be satisfac- 
torily visualized. In Mayer’s position the 
malleus and incus, if present, should be seen 
in the upper tympanic and epitympanic 
cavities, and the antrum is visible above 
the arcuate eminence. The external audi- 
tory canal, the sinus and dural plates, and 
the cellular structure of the mastoid process 
are also visible (Fig. 9). 

Taken from a cephalocaudad angle of 
45°, with from 30 to 45 degree rotation of 
the face away from the film, the tympanic 
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Fic. 5. Schiiller’s position. A three year old child 
with a chronic draining ear. This roentgenogram 
shows only a “‘sclerotic’”’ mastoid. 


is 
18 
to 
a 
d 
1e 
% Fic. 7. Schiller’s position, normal. The arrow indi- 
cates the head of the malleus visible in the epi- 
1€ tympanic space above the anterior margin of the 
C- petrosa. 
C- 
ic 
ve 
li- 
id 
SS 
Fic. 6. Owen’s position. By rotating the head 30° 
of away from the film, a definite area of bone destruc- 
of tion is visible in the epitympanic space. A large 
ie aural polyp was originating from this area. 
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Fic. 8. Stenvers’ position. (4) Normal roentgenogram. (B) Line drawing of 4: 1. Area of tympanic cavity; 
2. combined shadow of the malleus and incus; 3. area of the antrum; 4. hiatus for the facial canal. (Repro- 
duced by permission from Dr. George E. Shambaugh, Jr., and the W. B. Saunders Company.) 
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Fic. 9. Mayer’s position. (4) Normal roentgenogram. (B) Line drawing of 4: 1. External auditory canal; 
2. tympanic cavity; 3. malleus; 4. incus; 5. epitympanic cavity with its normal osseous pattern; 6. area of 
the aditus; 7. area of the antrum. (Reproduced by permission from Dr. George E. Shambaugh, Jr., and 
the W. B. Saunders Company.) 
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Fic. 10. Owen’s position. (4) Normal roentgenogram. (B) Line drawing of 4: 1. External auditory canal; 2, 
tympanic cavity; 3. malleus; 4. incus; §. epitympanic space with its normal osseous pattern; 6. area o 
aditus; 7. area of the antrum. (Reproduced by permission from Dr. George E. Shambaugh, Jr., and the 


W. B. Saunders Company.) 


cavity, attic and aditus are freed from the 
dense osseous shadow of the labyrinth. For 
the best detail, a two-inch cone is desirable. 
The closest possible mastoid-to-cassette 
apposition must be maintained. The mas- 
toid can be placed firmly on the cassette 
only if a cassette holder is used which can be 
positioned above the patient’s shoulder." 

The Owen position,” taken from a cephal- 
ocaudad angle of 30° with the same rota- 
tion as described above, amplifies the 
Mayer position by decreasing the distor- 
tions created by its 45° angulation. This 
position is preferred by the otologist be- 
cause the attic-aditus-antral area has the 
same anatomic relationship as it does at the 
time of the surgery (Fig. 10). 

In the usual case of chronic mastoiditis 
and otitis media, all other projections may 
be omitted without sacrifice, if correctly 


positioned stereoscopic projections are se- 
cured in Stenvers’, Mayer’s and Schiller’s 
positions.’ 

The ability of the eustachian tube to 
clear the tympanic cavity can be examined 
roentgenologically, both by visualizing the 
tube filled with contrast material (Fig. 11 
and 12)!° and by determining the emptying 
time of the middle ear after a radiopaque 
fluid has been instilled into it.! 

The patient should be seated in the 
erect position before a head unit. The mid- 
dle ear can be filled with a contrast medium, 
such as pantopaque or hypaque, by means 
of a short bevel 25-gauge needle, either 
through the perforation present, or by in- 
jecting through the intact drum. No an- 
esthesia is necessary. If the drum is per- 
forated the external canal should be closed 
by means of a rubber or a paraffin ear plug 
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Fic. 11. Stenvers’ position. The arrows indicate 
pantopaque in the hypotympanum and eustachian 
tube after instillation through a perforation in the 
tympanic membrane. 


after the radiopaque material has been in- 
stilled. 

A roentgenogram is taken immediately in 
Stenvers’ postion. If any delay is allowed 
and the tube is functioning properly, the 
tympanic cavity may clear before the film 
is exposed. A normally functioning eusta- 
chian tube should clear almost all of the 
contrast material from the middle ear be- 
fore the clearance roentgenogram is taken 
at the end of ten minutes. If the middle ear 
does not clear, exploration of the hypo- 
tympanum and tubal orifice becomes man- 
datory. When, however, the tympanic cav- 


Fic. 12. Stenvers’ position. The arrow indicates ob- 
struction at the tympanic end of the eustachian 
tube in spite of good filling of the tympanic cavity. 
(Reproduced by permission from the American 
Academy of Ophthalmology and Otolaryngology 
Transactions.) 


Fic. 13. Base view of the skull. This patient has an 
intact tympanic membrane and a normally func- 
tioning eustachian tube. The double arrows indi- 
cate the tympanic cavity filled with contrast me- 
dium. The single arrows indicate the entire eu- 
tachian tube filled with opaque material from the 
hypotympanum to the nasopharynx. 


ity clears readily, the surgeon may feel sure 
that the hypotympanum and eustachian 
tube are free from obstructive disease (Fig. 
13). 

CONCLUSIONS 


By the use of properly chosen and prop- 
erly positioned temporal bone roentgeno- 
grams, the radiologist is in a position to give 
the otologist extremely useful information 
about the extent of disease in the middle 
ear, attic, and aditus, as well as the condi- 
tion of the malleus and incus. 

Tympanic cavity clearance studies give 
information concerning the ability of the 
eustachian tube to clear secretions from the 
middle ear, which, at this time, can be de- 
termined in no other way. 

The otologist must have the courtesy to 
furnish the radiologist with the clinical his- 
tory and physical findings prior to the 
roentgenologic examination, as well as the 
reports of the operative and pathologic find- 
ings if surgery is undertaken. In no other 
way can the radiologist determine the ac- 
curacy of his reports. On the other hand, 
the roentgenologist should attempt to keep 
abreast of the surgical developments in otol- 
ogy, and give the surgeon films depicting 
the diseased area, and information which 
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will be useful in the preoperative evaluation 


of the patient. 


The Moore-White Medical Clinic 
s11 South Bonnie Brae Street 


Los Angeles 57, California 8. 


REFERENCES 


. Compere, W. E., Jr. Tympanic cavity clearance 


studies. Tr. Am. Acad. Ophth. & Otol., 1958, 


62, 444-454. 10. 


Diamant, M. Size variation of mastoid air cell 
system according to Wittmaack, Schwarz and 


Diamant. Acta oto-laryng., Suppl. 118, 1954, II. 


pp. 54-67. 
Douiman, G. What can réntgen examination 
contribute at present in acute and chronic 


otitis? Acta oto-laryng., 1934, 20, 471-476. 12. 


Fiercuer, H. G., and WinpHo1z, F. Use of x- 
ray in chronic mastoid conditions. Laryngo- 


= 


scope, 1946, 56, 602-611. 13. 


. GerBER, I. Observations of mastoid structure as 


revealed by roentgen-ray examination. Am. J. 14. 


ROENTGENOL., 1919, 6, I-11. 
. Hopcson, H. G. Radiology of infected temporal 


ON 


bone. Proc. Roy. Soc. Med., 1950, 43, 989-998. 

Kocn, C. E. Objective otologic roentgen stere- 
oscopy and its significance for roentgen diag- 
nosis of disease of mastoid process. Radiology, 
1934, 23, 75-79. 

Law, F. M. Radiography as aid in diagnosis of 
mastoid disease. Ann. Otol., Rhin. & Laryng., 
1913, 22, 635-637. 


. Mayer, E. G. Technic of roentgenologic ex- 


amination of temporal bone. Radiology, 1926, 
7, 306-317. 

Rees-Jones, G. F., and McGisson, J. E. G. 
Radiologic visualization of eustachian tube. 
Lancet, 1941, 2, 660-662. 

Owen, G. R. Simplified method of producing 
axial view of Mayer in chronic mastoiditis and 
attic cholesteatoma. Am. J. RoENTGENOL. & 
Rap. THERAPY, 1947, 57, 260-263. 

Owen, G. R. Key area (attic-aditus-antrum) in 
chronic mastoid. Tr. 4m. Otol. Soc., 1951, p. 
189. 

Srenvers, H. W. Roentgenology of os petrosum. 
Arch. Rad. & Elec., 1917, 22, 97-119. 

Towne, E. B. Erosion of petrous bone by acous- 
tic nerve tumor; demonstration by roentgen 
ray. Arch. Otolaryng., 1926, 4, §15-519. 


159 
9 
| 
an 
nc- 
idi- ‘ 
eu- 
Ire 
ig. 
no- 
ive 
ion 
dle 
di- 
ive 
| 
the 
de- | 
to 
his- 
the 
the | 
nd- 
her ‘ 
ac- 
nd, 
eep 
tol- 
ting 
rich 


JUNE, 1959 


OSTEOBLASTIC METASTASES TO THE FLOOR OF THE 
SKULL SIMULATING MENINGIOMA EN PLAQUE* 


By ROBERT SHAPIRO, M.D.,! and ARNOLD H. JANZEN, M.D.2 


NEW HAVEN, CONNECTICUT 


PPROXIMATELY ten years ago the 
authors saw the roentgenograms of 2 
patients with osteoblastic skull metastases 
simulating the hyperostosis associated with 
meningioma en plaque. The primary site of 
the tumor was the breast in one instance 
and the prostatic gland in the other. In this 
regard, in 1953, Schaerer and Whitney’ re- 
ported a case of osteoblastic skull metasta- 
ses from a primary prostatic carcinoma 
which they had mistaken for a meningioma 
and cited one additional case from the liter- 
ature.'! Because this entity is not widely 
known, it is being reported at this time. 


REPORT OF CASES 


Case 1. H.D., a forty-seven year old white 
female, was admitted on August 4, 1947, four 
years after a left radical mastectomy and bilat- 
eral oophorectomy for a breast carcinoma. 
Eleven months before admission she began to 
have vague discomfort in the left side of her 
throat and upper face. This disappeared after a 
few months but she soon noted recurring, bi- 
lateral, dull, supraorbital headaches. 

The family history was of interest in that her 
sister died of gastric carcinoma and her father 
died of carcinoma of the rectum. 

Physical examination was negative except 
for slight bilateral fundal pallor with blurring of 
both temporal margins and questionable slight 
weakness of the right upper extremity. Roent- 
genograms of the skull showed marked sclerosis 
of the floor of the left middle fossa (Fig. 1, 2 
and 3). The clinical and roentgenographic im- 
pression was meningioma of the left middle 
fossa. 

A left temporal craniotomy was performed on 
August 6, 1947. At operation, the bone of the 
floor of the middle fossa appeared to be 
grossly involved by tumor but no extraosseous 
tumor mass was found. Biopsy of the bone 
showed diffuse metastatic carcinoma. 

Case 11. C.J.U., a seventy-two year old male, 


was admitted on November 6, 1944, four years 
after a two stage prostatectomy for “benign 
prostatic hypertrophy” with pain in the left 
face and forehead of ten months’ duration. He 
also complained of failing vision and progres- 
sive left exophthalmos. 

Physical examination disclosed some impair- 
ment of sensation and pain along the third di- 
vision of the left trigeminal nerve and some 
hypesthesia of the left arm and leg. Visual acu- 
ity corrected was O.D. 13/15 +3 and O.S. 13/25 
—2. Roentgenograms of the skull showed ex- 
tensive sclerosis of the floor of the anterior and 
middle fossae extending into the left zygoma 
(Fig. 4 and 5). The clinical impression was left 
supraorbital meningioma. 


Fic. 1. Case 1. Posteroanterior roentgenogram of the 
skull showing sclerosis of the left greater sphen- 
oidal wing. 


* From The Departments of Radiology, Hospital of St. Raphael! and Grace-New Haven Community Hospital,? New Haven, 
Connecticut. 


964 


= 
Se 
: 


959 


‘the 
1en- 


aven, 


Vor. 81, No. 6 Osteoblastic Skull Metastasis Simulating Meningioma 965 


¢ Ar > 


Fic. 2. Case 1. Roentgenogram in Waters’ view 
demonstrating involvement of the left zygomatic 
bone. 


A craniotomy was performed on November 
11, 1944. The bone in the left temporal region 
was considerably thickened. In the left Sylvian 
fissure, apparently arising from the pterional 
region was a tumor the size of a small apple. A 
partial removal of the tumor was accomplished 
but the patient expired on the following day. 
At autopsy, the small residual prostate was 
quite firm. Microscopic examination revealed 


Fic. 4. Case u. Roentgenogram in Waters’ view 
showing sclerosis of the left greater sphenoidal 
wing and zygoma. 


adenocarcinoma of the prostate with metas- 
tases to the left anterior and middle fossae, 
orbit and zygoma. 


COMMENT 


The syndrome of unilateral gradual loss 
of visual acuity associated with nonpulsat- 


Fic. 3. Case 1. Left lateral roentgenogram illustrating 


the marked increased density of the middle fossa. 


Fic. 5. Case 1. Left lateral roentgenogram demon- 
strating sclerosis of the middle fossa. 


nd | 
eft 


ing exophthalmos and hyperostosis of the 
floor of the skull has long been associated 
with meningioma en plaque. In Cushing and 
Eisenhardt’s? classic monograph, meningi- 
oma en plaque is reported as occurring more 
commonly in women ‘in the fourth decade 
of life. A more rapid onset of exophthalmos 
and decreased visual acuity, particularly in 
older patients and especially in older males, 
should raise the suspicion of metastatic car- 
cinoma. The latter diagnosis should also be 
considered when involvement of the facial 
bones is present. 


Robert Shapiro and Arnold H. Janzen June, 1959 


Robert Shapiro, M.D. 
1450 Chapel Street 
New Haven 11, Connecticut 
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RESTORATION OF THE SELLA TURCICA AFTER 
TREATMENT OF PITUITARY ADENOMAS* 


By SOL M. UNGER, M.D., and BERNARD ROSWIT, M.D. 


BRONX, NEW YORK 


FTER successful irradiation and/or 
surgical treatment of a pituitary tu- 
mor, it is unusual to witness recalcification 
of eroded sella turcica, dorsum sellae and 
posterior clinoids. It is even more unusual 
for an enlarged pituitary fossa to be re- 
stored to normal dimensions. 

In our experience with 70 patients treated 
for pituitary adenoma, roentgenographic 
evidence of sellar reconstruction was noted 
in only 4 cases, of which 3 (2 chromophobe 
and 1 eosinophilic adenoma) are to be de- 
scribed in the present communication. The 
fourth instance was previously reported by 
our colleagues! in an acromegalic who re- 
ceived a tumor dose of 3,000 r. Of particular 
interest in this case was the reduction in 
over-all size of the ballooned sella turcica as 
it recalcified. In the present report, one of 
our cases also showed a striking reduction 
in the size of the pituitary fossa, after 
successful surgical and radiation treatment. 

In 1949, Camp‘ stated that when the 
sella turcica has been decalcified and en- 
larged by pressure from an intrasellar or 
extrasellar lesion, and the pressure has been 
subsequently relieved by one means or an- 
other, the margins of the sella turcica may 
recalcify but the pituitary fossa will not en- 
tirely return to normal size and shape. 
Camp further stated that a roentgenogram 
in such cases will always reveal the residual 
evidence of an active disease process.*® This 
observation has been well supported by the 
documented experience of other authors as 
well as by our own. It seems appropriate to 
review briefly the cumulative reports on 
this problem from other clinics. Hurxthal, 
Hare, Horrax and Poppen’® reporting in 
1949 on the treatment of 29 acromegalics, 
cite 8 patients who showed recalcification— 
the highest incidence yet reported. How- 


ever, Kerr’ observed only one such case in 
50; Aitken and Pohle? found only one case 
in 36; Dyke and Davidoff® and Gray and 
Newell’ each reported a single case. In 
Camp’s patient the recalcification of the 
sella turcica occurred after surgical removal 
of the pituitary tumor. Johnsen mentioned 
3 cases in a group of 23 acromegalics who 
developed recalcification and 3 additional 
cases which exhibited a diminution in the 
size of the sella turcica."! Von Poswick also 
reported a patient with sellar reconstruc- 
tion but in his case the sella turcica had 
been destroyed by a metastatic deposit from 
a malignant neoplasm.” In a textbook by 
Pendergrass ef a/. there is illustrated a re- 
calcified sella turcica following removal of a 
meningioma; another in a child irradiated 
for carcinoma of the hypophysis and 
sphenoid sinus; and a third in a case (re- 
ported by Oldberg") following release of 
increased intracranial pressure by means of 
a Torkildsen procedure. This was a nineteen 
year old woman who had cerebral mani- 
festations for a year and a half. Pneumo- 
encephalography performed in 1942 dis- 
closed marked internal hydrocephalus of 
the lateral and third ventricles. No evidence 
of a neoplasm could be found at surgical ex- 
ploration. In 1944, she was re-admitted at 
another institution where the reconstruc- 
tion of the sella turcica was noted. Fortu- 
nately, an autopsy was obtained which es- 
tablished the diagnosis of internal hydro- 
cephalus secondary to atresia of the aque- 
duct of Sylvius. This is one of the few rare 
instances of a benign lesion giving rise to an 
enlarged sella turcica. 

To stress further the relative infrequency 
of restoration of the sella turcica, Bachman 
and Harris* pointed out that in none of 
their 64 treated patients with pituitary 


* From the Radiotherapy Service, Bronx Veterans Administration Hospital, New York, New York. 
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Fic. 1. Case 1. Before radiation therapy (January 
27, gia Lateral view of the skull showing en- 
larged pituitary fossa with thinning of the floor, 
dorsum sellae and posterior clinoids. (The insert 
shows the sella turcica measurements in millime- 
ters.) 


adenomas have they seen an enlarged sella 
turcica decrease in size or demineralized 
clinoids show evidence of recalcification. It 
appears, therefore, that a report of our 3 
cases is well indicated. 


REPORT OF CASES 


Case 1. F.M., a forty-one year old white 
salesman, noted blurring of vision in the left 
eye three months prior to his admission to the 
hospital. He presented a bitemporal defect in 
visual fields in addition to decreased visual 
acuity in the left eye. Blood sugar, spinal fluid, 


Fic. 2. Case 1. Pneumocisternogram (February 23, 
1955) showing protrusion of sellar mass through 
diaphragma sellae (retouched to show cisterns and 
pituitary mass P). 


Sol M. Unger and Bernard Roswit 


June, 1959 


Fic. 3. Case 1. After surgery and radiation therapy 
(July 12, 1956). Follow-up roentgenogram show- 
ing recalcification and reconstitution of the floor, 
dorsum sellae and posterior clinoids. Note smaller 
pituitary fossa. 


I'8! uptake, routine blood and urine analysis, 
basal metabolic rate, and total ketosteroids 
were all within normal limits. Skull roentgeno- 
grams on January 27, 1955 showed an enlarged 
pituitary fossa with demineralization of the 
bony structures (Fig. 1). A pneumocisterno- 
gram obtained on February 23, 1955 revealed 
the pituitary fossa to be enlarged, with a mass 
breaking through the diaphragma sellae (Fig. 
2). Clinical opinion supported the presence of 
an intrasellar lesion, probably a chromophobe 
adenoma, pressing on the optic chiasm and 
producing the bitemporal hemianopsia. 

On March 10, 1955 the subtotal removal of 
15 gm. of pituitary tissue was accomplished and 
a histologic diagnosis of chromophobe adenoma 
was established. On March 30, 1955 visual field 
studies were already normal. From April 4, 
1955 until April 29, 1955 a course of high 
energy rotational therapy was delivered to the 
pituitary fossa. The physical factors were 1,000 
kv., 3 ma., 1 mm. Pb filter, half-value layer 
3.9 mm. Pb, target-axis distance 70 cm., 6X6 
cm. portal. A tumor dose of 3,000 r was given 
in twenty-six over-all days. The patient has 
remained well to date. On July 12, 1956 (Fig. 
3) skull roentgenograms showed recalcifica- 
tion of the structures in the sella turcica and 
reduction in the anteroposterior dimensions as 
well as in the depth of the pituitary fossa. On 
July 2, 1957 no further change was observed. 


Case 1. V.B., a twenty-five year old white 
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Fic. 4. Case u. After surgery and before radiation 
therapy (November 17, 1953). Lateral view of the 
pituitary fossa showing enlarged sella turcica, 
marked irregularity and thinning of the floor, 
dorsum sellae and posterior clinoids. 


male, was admitted on September 9, 1953 with 
a history of headaches and blurred vision of 
five weeks’ duration. He exhibited bilateral 
papilledema with no gross visual defects, and 
a normal endocrine status. Roentgenograms of 
the skull on November 17, 1953 showed 
moderate enlargement of the pituitary fossa 
and erosion of the floor, with thinning of the 
dorsum sellae and posterior clinoids (Fig. 4). 
A right carotid angiogram showed lack of filling 
of the anterior cerebral artery. Ventriculog- 
raphy revealed poor filling of the anterior por- 
tion of the third ventricle as well as the anterior 
horn of the right lateral ventricle. The clinical 
opinion supported the diagnosis of a right 
frontal lobe tumor. 

On September 16, 1953 a right frontal crani- 
otomy was performed and a large cyst was ex- 
posed in the region of the sella turcica. The 
cystic lesion was aspirated and a segment of 
tumor tissue (5 X2X3 cm.) was removed from 
below the right optic nerve. A histologic diag- 
nosis of chromophobe adenoma was estab- 
lished. A course of high energy radiation ther- 
apy was initiated, delivering a tumor dose of 
2,800 r in twenty-eight over-all days. The 
physical factors were identical with those 
employed in Case 1, except for the use of two 
stationary opposing portals of 6X6 cm. each. 
On September 13, 1956 skull roentgenograms 
showed recalcification of the posterior clinoids, 
dorsum sellae and floor of the fossa (Fig. 5). 


Fic. 5. Case u1. After radiation therapy (September 
13, 1956). Follow-up lateral view showing marked 
reconstitution of the floor with recalcification and 
reconstitution of the dorsum sellae and posterior 
clinoids (the two latter findings are better visual- 
ized on the actual roentgenogram than on the 
reproduction). 


When last seen on July 12, 1957, the patient 
was in good health and no further changes were 
noted in the skull roentgenogram. 


Case 111. M.L., a thirty-five year old white 
male, first developed enlarged hands and feet 
in 1942. He was asymptomatic until 1953 when 
he started to have some loss of vision. During 
the next two years his loss of vision increased 
and, in addition, he had progressive loss of 
strength, and a diminished libido which finally 
made him seek medical advice. Upon admission 
he was noted to have acromegalic features of 
his face, skull, hands and feet, and an upper 
dorsal kyphosis. The laboratory studies showed 
a mild diabetic tendency, normal complete 
blood cell count and an [*! uptake which 
was interpreted as being in the low nor- 
mal thyroid range. A skull roentgenogram 
on May 6, 1955 showed enlargement of the 
sella turcica with a very irregular floor (Fig. 
6). There was also thinning of the dorsum sellae 
and posterior clinoids. A pneumocisternogram 
on May 9g, 1955 revealed no evidence of extra- 
sellar extension of the pituitary tumor. Visual 
field studies disclosed a marked defect in 
both temporal fields. The clinical diagnosis 
was eosinophilic adenoma of the pituitary gland 
and the patient was referred to the Radiation 
Therapy Department for treatment. This was 
done from May 24, 1955 to June 15, 1955 
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Fic. 6. Case 11. Before radiation therapy (May 6, 
1955). Lateral view of the skull showing marked 
enlargement of the sella turcica with marked ir- 
regularity and thinning of the floor, dorsum sellae 
and posterior clinoids. 


through a 5X5 cm. portal with 360° rotation 
on a 1,000 kv. apparatus having a half-value 
layer of 3.9 mm. Pb. A dose of 3,000 r was de- 
livered in three weeks. During irradiation his 
visual fields remained unchanged. He was then 
discharged to our follow-up clinic. Subsequent 


Fic. 7. Case 11. Follow-up view of the pituitary 
fossa (May 22, 1958) showing marked recalcifica- 
tion and reconstitution of the dorsum sellae and 
posterior clinoids. The floor, however, still shows 
some irregularity. 


Sol M. Unger and Bernard Roswit 


JUNE, 1959 


visits showed some return of his peripheral 
vision, and, when he was re-admitted on May 
22, 1958 because of postprandial epigastric 
pain, his visual field examination was normal. 

At this time, however, he had two nodules in 
a slightly enlarged thyroid gland. Iodine™ 
studies showed a normally functioning gland. A 
glucose tolerance test was normal. His skull 
roentgenogram on May 22, 1958 (Fig. 7) 
showed marked recalcification and reconstitu- 
tion of the dorsum sellae and posterior clinoids, 
The floor was relatively unchanged. He still had 
loss of his libido, his acromegalic features were 
prominent, and there was no regression of the 
enlarged soft tissue. A partial thyroidectomy 
on August 11, 1958 showed cystic colloid be- 
nign adenomas. 


SUMMARY 


1. Recalcification of the eroded sella 
turcica, dorsum sellae and posterior clinoids 
after irradiation and/or surgical treatment 
for pituitary tumors appears to be an unu- 
sual finding. Even more unusual is a reduc- 
tion in the size of the enlarged pituitary 
fossa. 

2. The published reports of such roent- 
genographic changes after therapy have 
been collected and reviewed. 

3. Three additional cases have been pre- 
sented from our experience, making a total 
of 4 observed in the treatment of 70 patients 
with pituitary adenoma in our own radia- 
tion clinic. Two of these patients had histo- 
logically proved chromophobe adenomas, 
and received surgical and radiation ther- 
apy; the third was clinically diagnosed as an 
eosinophilic adenoma and received radia- 
tion therapy. The fourth individual (pre- 
viously reported) was an acromegalic who 
was treated with radiation. 


Sol M. Unger, M.D. 

Veterans Administration Hospital 
130 West Kingsbridge Road 
Bronx 68, New York 
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PANTOPAQUE VENTRICULOGRAPHY IN THE 
LOCALIZATION OF SURGICAL LESIONS 
OF THE POSTERIOR FOSSA* 


By BRUCE L. RALSTON, M.D., SIDNEY W. GROSS, M.D., and CHARLES W. NEWMAN, M.D. 


NEW YORK, NEW YORK 


LTHOUGH neuroradiologic contrast 
techniques have achieved great preci- 
sion in the localization of supratentorial 
neoplasms, they have been less accurate for 
lesions of the posterior fossa. In many in- 
stances, the diagnosis is actually made by 
exclusion, rather than by demonstration of 
the lesion. A patient who has symptoms and 
signs suggesting an infratentorial lesion un- 
dergoes pneumoventriculography. The ex- 
amination shows dilatation of the lateral 
and third ventricles without distortion, but 
often no filling of the caudal ventricular 
system ;* occasionally, the beginning of the 
aqueduct is visualized in the lateral projec- 
tion and appears to be kinked forwards. 
The diagnosis of posterior fossa tumor is 
made and exploration is carried out. If the 
lesion is visible on the surface, the problem 
of localization is solved. If not, then in- 
vestigation of the interior of the cerebellar 
hemispheres, vermis, or fourth ventricle 
must be made, with resultant increase in 
morbidity and mortality. 

In a large series of pneumoventriculo- 
grams reported by Davidoff and Epstein,’ 
utilizing laminagraphy, the fourth ventricle 
was filled in approximately 40 per cent of 
the cases. The proximal aqueduct was 
visualized in about 60 per cent of their 
cases. In the anteroposterior projection, 
lateral shift of the aqueduct and fourth 
ventricle was demonstrated only 7 per cent 
of the time.t Their illustrations show that 
the fourth ventricle was not completely 
filled in most instances. 


* This term is used to describe the aqueduct and fourth ven- 
tricle. 

+ The proportion of midline and laterally placed lesions is not 
given. 


The figures for fractional or controlled 
pneumoencephalography are no better. In 
a series of 24 brain tumors in which there 
was nonfilling of the ventricles, Ruggiero” 
found that 80 per cent were located in the 
posterior fossa. In a recent series of frac- 
tional encephalograms made at the Mount 
Sinai Hospital, New York, employing a 
technique which produces filling of the 
fourth ventricle in almost every case of non- 
tumor or supratentorial tumor, the results 
for verified posterior fossa neoplasms were 
as follows (21 cases): In 66 per cent there 
was no ventricular filiing, in 10 per cent 
poor filling of the fourth ventricle, and in 24 
per cent satisfactory filling of the fourth 
ventricle. If the acoustic neurinomas (a 
group in which the diagnosis may usually 
be made on the basis of clinical and plain 
roentgenographic examination) are deleted, 
then in only 12 per cent was there satisfac- 
tory filling of the fourth ventricle. Since in 
several instances an unsuccessful pneumo- 
encephalogram preceded a successful one, or 
several unsuccessful ones were carried out, 
the percentage of satisfactory studies in this 
group was considerably less than 12 per 
cent, 

The pneumoencephalogram demonstrates 
indirect evidence of a posterior fossa mass 
lesion in the form of tonsillar herniation, 
narrowed infratentorial cisternae, and sub- 
arachnoid air distribution suggesting hy- 
drocephalus. 

Efforts to demonstrate the ventricular 
system by pantopaque injected into the 
lumbar subarachnoid space and run up- 
wards with the patient on his back!® have 
failed to improve these figures. Such studies 
give good visualization of the cisternae and 


* From the Departments of Neurological Surgery and Radiology of the Mount Sinai Hospital, New York, New York. Supported in 
part by agrant from the Dazian Foundation for Medical Research and Lafayette Pharmacal, Inc. 
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are helpful in the diagnosis of angle tumors. 

Vertebral angiography has not been of 
much help in the precise localization of 
posterior fossa lesions, except in the few 
cases In which a “‘stain”’ has been demon- 
strated. 

In view of the striking need for adequate 
visualization of the caudal ventricular sys- 
tem, it is of interest that as early as 1928 
Balado®* succeeded in filling the fourth 
ventricle in the presence of posterior fossa 
lesions by means of positive contrast sub- 
stance introduced into the lateral ventricle. 
Yet the procedure has never become pop- 
ular, being employed sporadically. Bull‘ 
and Sutton® illustrated some examples in 
which the technique might be applied but 
did not recommend its routine use. As re- 
cently as 1956, Horowitz found it neces- 
sary to defend the method and he states 
that it should never be considered a re- 
placement or an alternative to gas ventric- 
ulography. 

Some explanation for the reluctance to 
employ this method is to be found in ob- 
jections to some of the positive contrast 
media. This is apparently justified in re. 
gards to lipiodol and possibly thorotrast,!° 
but the evidence adduced for pantopaque 
as a noxious agent is far from convincing. 
Thus the presence of pantopaque globules 
in areas of arachnoiditis cannot be taken 
to indicate that this substance is the re- 
sponsible agent.® Bacterial contamina- 
tion during lumbar puncture or improper 
cleaning of detergents from syringes may 
be at fault.’ Recently, pantopaque has 
been used to outline the third ventricle in 
human stereotaxic surgery without com- 
plication.” Pantopaque has been used at 
the Mount Sinai Hospital for many years. 
It has frequently been run into the pos- 
terior fossa to demonstrate the foramen 
magnum and cisternae. It has now been 
used for ventriculography for two years. 
Aside from occasional transient meningeal 
reaction, such as is seen with air, we have 
not been convinced of any deleterious ef- 
fects attributable to the pantopaque. 

When it is considered that the use of 
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pantopaque has permitted visualization 
of the fourth ventricle in almost every case 
of obstructing or expanding lesion of the 
posterior fossa; that this procedure is far 
superior to air studies conducted either 
from above or below, and easier to perform 
and less hazardous than pneumoventricu- 
lography; that the percentage of real or 
attributed reactions to pantopaque is a 
small fraction of a per cent, then it will be 
readily appreciated that the use of panto- 
paque for as serious a surgical lesion as that 
of the posterior fossa is fully justified. In 
our hands it has proved to be the procedure 
of choice in the localization of these lesions. 


TECHNIQUE 


The purpose of the maneuvers to be de- 
scribed is to cause the pantopaque which 
has been instilled into the lateral ventricle 
to pass into the third and then the fourth 
ventricles. This is done by first having it 
pool in the frontal horn. Then with exten- 
sion of the head, the medium will pass back- 
wards and drop through the foramen of 
Monro to the floor of the third ventricle. In 
order to pass the pantopaque from the third 
to the fourth ventricle without losing it into 
the subarachnoid space, it is advisable to 
turn the patient over on his back so that the 
pantopaque pools on the roof of the third 
ventricle. Then by gentle flexion of the 
head, the pantopaque may be made to com- 
pletely fill the fourth ventricle. 

Whereas previous methods have relied 
upon fluoroscopy or serial roentgenog- 
raphy’® to follow the course of the panto- 
paque through the ventricular system, we 
find this to be unnecessary and time con- 
suming. By following the procedure to be 
described below, we have been able to fill 
the caudal ventricular system in every in- 
stance within one to two minutes. 

Three cubic centimeters of pantopaque 
are injected into the lateral ventricle 
through a burr hole. If posterior burr holes 
are placed in the semisitting position and 
the patient transported to the radiologic 
department on his back, then the head 
must be rotated to bring the pantopaque in- 
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to the frontal horn. The head should be 


rotated away from the ventricle containing 
the pantopaque so that it runs along the 
septum pellucidum rather than into the 
temporal horn where it may be trapped. 
Young children may be somersaulted. If the 
posterior burr holes are placed with the pa- 
tient prone (or the pantopaque is added 
after the patient is in this position), then 
the medium will usually course forwards in- 
to the frontal horn. Assurance of pooling 
all of the pantopaque in the frontal horn is 
obtained by placing frontal burr holes with 
the patient in the prone position, injecting 
the substance and transporting him to the 
radiologic department in this position. We 
usually, but not always, inject about 30-40 
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cc. of air at the time that the pantopaque is 
introduced, for reasons given below. 

With the patient lying prone on the 
roentgenographic tilt table and the panto- 
paque pooled in the frontal horn, the man- 
euver for advancing it into the third and 
fourth ventricles may be easily carried out 
(Fig. 14). The operator stands above the 
patient’s head with a hand on each cheek. 
He gradually extends the head until the 
orbitomeatal line is parallel to the floor, or 
the orbital end of the line is slightly higher 
(Fig. 18). To do this, it may be necessary 
to tilt the table up slightly or to arch the 
patient’s back. This allows the pantopaque 
to pass back on the floor of the frontal horn 
and to drop through the foramen of Monro 


D 


Fic. 1. (4) Introduction of pantopaque through a frontal burr hole with patient in prone position. For other 
methods, see text. (B) Extension of head to allow passage of pantopaque into third ventricle. (C) Patient 
turned on back with head maintained in position indicated to allow cradling of pantopaque in postero- 
superior third ventricle. (D) Almost complete correction of head extension to allow passage of pantopaque 
into fourth ventricle. Patient in position for roentgenographic studies. 
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into the inferior third ventricle. Too rapid 
extension with the head slightly rotated 
may cause some of the opaque medium to 
bypass the foramen and pass up over the 
thalamus into the posterior lateral ven- 
tricle. If the extension is too extreme, then 
pantopaque which has previously entered 
the third ventricle may pass into the aque- 
duct and drop through the fourth ventricle 
into the spinal subarachnoid space. 

After this maneuver, the patient is 
turned supine. The operator maintains firm 
control of the slightly extended head and 
rotates it, as two assistants turn the trunk 
(Fig. 1C). If the head is overly extended, 
some of the pantopaque will reflux through 
the now dependent foramen of Monro. If it 
is strongly flexed, the pantopaque will 
pass through and out of the fourth ven- 
tricle. The head is then flexed somewhat so 
that the orbitomeatal line is slightly less 
than vertical to the floor (Fig. 1D). Follow- 
ing this, anteroposterior and lateral expo- 
sures are made. 

If this technique, a modification of 
Lysholm’s,’ is followed, the pantopaque will 
almost always be found in the third and 
fourth ventricles. A single roentgenogram 
will demonstrate air in both frontal horns of 
the lateral ventricle, indicating the degree 
of hydrocephalus; air in the anterior third 
ventricle; pantopaque in the posterior 
third ventricle; and pantopaque in the 
fourth ventricle. In the rare instance in 
which the lesion is about the third ventricle 
rather than in the posterior fossa, the 
simultaneous visualization of anterior and 
posterior third ventricle, as well as the nor- 
mal fourth ventricle, makes the distinction 
easy. 

No fluoroscopy or preliminary roentgen- 
ography is needed, the manipulations being 
carried out in about two minutes. With 
practice, we have been able to increase the 
proportion of pantopaque entering the third 
and fourth ventricles as compared to that 
remaining in the lateral ventricle so that it 
is about two thirds of the total. 

One problem which may arise if only a 
small amount of pantopaque enters the 
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dilated third ventricle, and there is a large 
suprapineal recess, is the loculation of all 
the medium in the recess, none of it passing 
into the aqueduct. This happens because 
the opaque medium passes along the roof of 
the ventricle in the supine position to the 
recess, remaining there when the patient is 
turned prone. Under these circumstances, it 
is necessary to turn the patient back to the 
prone position and flex the head so that the 
pantopaque drops out of the suprapineal 
recess into the anteroinferior third ven- 
tricle. The head is then slowly extended so 
that the pantopaque passes back on the 
floor of the third ventricle to the aqueduct. 
This must be done slowly to avoid losing 
the pantopaque down the vertical aqueduct 
and fourth ventricle. It is safer to pass the 
medium from the third to the fourth ven- 
tricle with the head lateral, and to latero- 
flex the head towards the ceiling. 

Three initial roentgenograms are taken, 
one in the Waters’, one ina 30° Towne, and 
one in a lateral position across the table. 
The Waters projection, being predomi- 
nantly at right angles to the aqueduct and 
fourth ventricle, tends to show these struc- 
tures in their long axis. If a less angulated 
view Is desired, a base roentgenogram of the 
skull can be made later. The Towne projec- 
tion helps to separate the ventricular sys- 
tem from the surrounding bony structures 
(of less importance in pantopaque ventric- 
ulography) and to give a cross section of 
the fourth ventricle. A more perfect cross 
section can be obtained with a 50° Towne 
projection, if this is desired. 

Oblique exposures of the fourth ventricle 
may occasionally be of value. Finally, if 
necessary, right and left lateral exposures 
can be made by rotating the head to the 
lateral position. This has the advantage in 
that each side of the fourth ventricle can be 
visualized separately, but, as it permits 
pantopaque to flow out of the dependent 
foramina into the subarachnoid space and 
to pass back into the third ventricle and 
from the third ventricle into the dependent 
lateral ventricle, it should be delayed until 
the end of the examination. 
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Another advantage of the small amount 
of air introduced is that the lateral ven- 
tricles may be rapidly screened at the end of 
the procedure. It is of interest to know 
whether there is an elevation of the tentori- 
um by posterior fossa tumor (as indicated 
by upwards displacement of the temporal 
and occipital horns), tumor springing from 
the tentorium and growing above and be- 
low it, or whether there are supratentorial 
lesions associated with posterior fossa 
metastatic disease. 


THE RETAINED INTRAVENTRICULAR 
PANTOPAQUE 


In lateral lesions of the posterior fossa, 
the pantopaque usually passes rapidly out 
of the fourth ventricle, with some delay if 
the tonsils are herniated and approximated 
when the patient assumes the erect position. 
It drops directly into the spinal canal. The 
greatest degree of arrest has occurred with 
midline lesions blocking the caudal ventric- 
ular system, such as aqueductal occlusion 
or tumor of the fourth ventricle. Even here, 
what seems to be a complete block is usually 
not, and the pantopaque ultimately passes 
through. This is somewhat analogous to the 
situation in myelography when, for ex- 
ample, a thoracic tumor shows a complete 
block. Should cisternal pantopaque injec- 
tion be done to show the upper pole of the 
tumor and the patient sent to the radiologic 
department in the sitting position, the 
substance will frequently be found to have 
completely passed the block. It is surpris- 
ing how many so-called complete blocks 
may be overcome by placing the contrast 
medium in full column above the lesion for 
a period of time. 

The pantopaque which has not entered 
the third ventricle is also usually expelled 
from the ventricular system as judged from 
the postoperative roentgenograms. Every 
time the patient bends his head down, it 
runs into the frontal horn, and when he 
straightens up, he repeats the maneuver for 
introducing the medium into the third and 
fourth ventricles. Over a period of time, 
most, if not all, of the pantopaque is elimi- 


Bruce L. Ralston, Sidney W. Gross and Charles W. Newman 


JUNE, 1959 


nated from the ventricular system in this 
fashion, whether or not the block was re- 
lieved by surgery. It can then, if desired, be 
removed by lumbar puncture. 


RESULTS 


With the technique described above, it 
was possible to delineate the caudal ventric. 
ular system in over 30 cases with surgical 
lesions of the posterior fossa. Of the expand- 
ing lesions, all but one showed satisfactory 
filling of the posterior third ventricle, 
aqueduct and fourth ventricle. The single 
exception, in which the fourth ventricle 
failed to visualize, was a hemangioblastoma 
of the vermis, recurrent after ten years. 
These findings suggest that the failure to 
visualize with air is not due to collapse of 
the fourth ventricle or occlusion of the 
aqueduct by the mass, but rather the in- 
adequate contrast afforded by gas. In the 
case of lesions producing primarily an ob- 
struction of the caudal ventricular system 
without expansion, it was found that occlu- 
sion of the aqueduct was regularly associ- 
ated with a block of this structure and a 
failure to fill the fourth ventricle. This 
latter structure was often filled by pneumo- 
encephalography (Fig. 5, # and F). 

The technique permitted differentiation 
of obstructing and expanding lesions. In ob- 
structing lesions, the site of blockade could 
be demonstrated. In expanding lesions, it 
could be determined whether rye lesion was 
in the midline or lateral to it: in the midline 
lesion, whether it was supraventricular 
(superior and inferior vermis), intraventric- 
ular, or infraventricular (pontine and pre- 
pontine); in the laterally located lesion, 
whether it was supraventricular (superior 
and inferior cerebellar hemispheric), para- 
ventricular, or infraventricular (cerebello- 
pontine angle). 

The characteristic distortions of the 
caudal ventriculogram produced by the 
lesions described above will be the subject 
of another communication. However, a few 
examples will be given here to show the 
accuracy afforded by the method. 

For purposes of comparison, a normal 
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pantopaque caudal ventriculogram is in- 
cluded (Fig. 2, 4 and B, and C and D). 
Note in these and in subsequent illustra- 
tions that in the accompanying tracing, the 
pantopaque is represented exactly as it is 
seen on the ventriculogram. However, for 
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Fic. 2. (4) Normal lateral pantopaque ventriculo- 
gram. In this case filling was accomplished by the 
lumbar route in a patient without intracranial 
disease. Note normal defect in inferior fourth 
ventricle due to vermis and cerebellar tonsils. (B) 
Tracing of 4. 


simplicity, only that pantopaque which is in 
the posterior third ventricle, aqueduct and 
fourth ventricle is traced. 

The caudal ventriculogram shown in 
Figure 2 was obtained by running the 
pantopaque up from the subarachnoid 
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Fic. 2. (C) Normal anteroposterior pantopaque 
ventriculogram. Note well-defined lateral recesses. 


(D) Tracing of C. 
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Fic. 3. Expanding lesion, supraventricular, lateral- 
dorsal. Hemangioblastoma of the superior portion 
of the right cerebellar hemisphere. (4) Displace- 
ment of aqueduct and fourth ventricle towards 
clivus without alteration in shape of fourth ven- 
tricular triangle. (B) Tracing of 4. 


space following lumbar puncture by the 
technique described by Mones and Wer- 
man!’ in a patient with no intracranial dis- 
ease. As indicated previously, this technique 
is suitable for the demonstration of normal 
anatomy and in some cases of angle tumors 
and pontine gliomas, but it is unsuccessful in 
most other posterior fossa tumors. Several 
measurements have been devised to deter- 
mine the normal position of the fourth ven- 
tricle in the posterior fossa.°:"15 These in- 
clude distance of rhomboid fossa to clivus, 
rhomboid fossa to fastigium, and fastigium 
to occipital bone posterior to the foramen 
magnum. There are many variables in these 


measurements and any one of them by itself 
may be highly misleading. 

Figure 2, 4 and B shows the normal aq- 
ueductal curve and fourth ventricle in rela- 
tion to the clivus. The normal shape of the 
fourth ventricle is seen with one of its com- 
mon variations, an inferior filling defect due 
to vermis, tonsils and possibly also to cho- 
roid plexus. Figure 2, C and D shows the 
same structures in the anteroposterior pro- 
jection. Note the appearance of the fourth 
ventricle as a tall isosceles triangle and the 
well defined lateral recesses. 

Figure 3 shows, for comparison, the cau- 
dal ventriculogram in a case with an ex- 
panding lesion in the posterior fossa. In the 
lateral view (4 and &) the aqueduct and 
fourth ventricle are kinked towards the 
clivus, indicating a lesion which is supra- 
ventricular (or posterior) to the fourth ven- 
tricle. The fact that the normal fourth ven- 
tricular triangle is preserved indicates that 
the lesion is not midline but probably lat- 
eral in the cerebellar hemisphere. The an- 
teroposterior roentgenogram (C and D) 
shows a shift of the aqueduct and fourth 
ventricle, confirming the lateral location of 
the lesion. The depression of the basal angle 
of the fourth ventricle on the side of the 
lesion suggests that the process is high up 
or superior in the hemisphere. At opera- 
tion, a hemangioendothelioma was found in 
the anterior superior portion of the right 
cerebellar hemisphere. 

The characteristic caudal ventriculogram 
of an expanding lesion in another compart- 
ment of the posterior fossa is illustrated in 
Figure 4. The lateral projection (4 and B) 
shows that the normal triangle of the fourth 
ventricle has been severely disrupted, indi- 
cating a lesion in the midline. The proximal 
aqueduct is visualized and is very dilated, 
suggesting an intraventricular mass, as le- 
sions above or below the ventricle tend to 
compress it. In addition, small globules of 
pantopaque are seen anteriorly and low in 
the fourth ventricle. In the anteroposterior 
projection (C and D), the third ventricle 
and a small portion of anterior fourth ven- 
tricle are seen to be undisplaced, confirming 
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the impression of a midline lesion. Droplets 
and crescents of pantopaque can be seen 
passing down around the right border of 
the tumor only. In a later film, these all col- 
lected in a midline, inferior fourth ventricle. 
The impression from the films was a mass 
in the superior portion of the fourth ventri- 
cle. At operation, an astrocytoma was 
found in this region. 

Figure 5 illustrates an entirely different 
type of surgical lesion of the posterior fossa. 
In 4 and B a tapering aqueduct is seen, 
with no filling of the fourth ventricle, such 
as is observed characteristically in aque- 
ductal occlusion. The normal curve of the 
aqueduct with lack of displacement to- 
wards or away from the clivus is also in 
favor of this diagnosis. In C and D the 
aqueduct and third ventricle are noted to 
be in the midline. The fourth ventricle is 
again not visualized. The diagnosis is con- 
firmed in E and F, where air has been in- 
Jected by the lumbar route and a lamina- 
gram taken. It shows a normal fourth 
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Fic. 3. (C) Marked shift of aqueduct and fourth 
ventricle away from tumor. Note depression of 
ipsilateral basal angle of fourth ventricle suggest- 
ing a dorsal lesion. (D) Tracing of C. 


ventricle and together with the panto- 
paque delineates the site of obstruction. 

This study made it unnecessary to ex- 
plore the posterior fossa for tumor. 


DISCUSSION 


The localizing value of pantopaque ven- 
triculography for infratentorial lesions hav- 
ing been established, the question may be 
raised as to whether it is the primary pro- 
cedure to be employed in patients suspec- 
ted of harboring a surgical lesion of the 
posterior fossa. We feel that this is not the 
case, and that fractional or “controlled” 
pneumoencephalography should be done 
first. This procedure, which consists of the 
injection of 10 to 1§ cc. of gas via the lum- 
bar route with the withdrawal of minimal 
or no fluid, has been shown to be safe in a 
large number of cases’ and was used in a 
majority of our patients. In individuals not 
harboring a surgical lesion, the fourth ven- 
tricle and cisternae will be filled, thereby 
obviating the need for burr holes and ven- 
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tricular tap. In those cases of “‘pseudotu- 
mor cerebri” which are clinically indistin- 
guishable from a posterior fossa tumor, the 
attenuated ventricles will usually fill, 
thereby not only preventing an unneces- 
sary ventriculogram but also the trauma 
occasioned by trying to tap very small ven- 
tricles. The procedure will also serve to 
disclose clinically mislocalized supratentor- 
ial masses and, in cases of aqueductal oc- 
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Fic. 4. Expanding lesion, intraventricular. Astro- 
cytoma of the superior fourth ventricle. (4) Al- 
most complete cut-off of dilated aqueduct close to 
its origin. Note widening of aqueduct as block is 
approached. Droplets of pantopaque anterior and 
caudal to tumor. (8) Tracing of 4. 


clusion, a normal fourth ventricle with 
block of the aqueduct. 

In a small percentage of cases, adequate 
amounts of air will enter the ventricular 
system and permit an exact localizing diag- 
nosis. Even if there is no filling, indirect 
diagnosis of an unlocalized lesion of the 
posterior fossa may be made by findings of 
tonsillar herniation, small cisterna magna 
and pontine cistern and increased arching 
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Fic. 4. (C) Essentially midline position of third 
ventricle and inferior fourth ventricle, while 
pantopaque deviates laterally around right side of 
tumor lying between these two points. (D) Tracing 
of C. 
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Fic. 5. Obstructing lesion. Aqueductal occlusion. 
(4) Fourth ventricle not seen (as is the rule in 
aqueductal occlusion). Normal aqueductal curve 
progressing to tapering block distally. (B) 
Tracing of A. 
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Fic. 5. (C) Absence of filling of fourth ventricle. 
Aqueduct in midline. (D) Tracing of C. 
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Fic. 5. (E) Laminagram showing filling of normal 
fourth ventricle by injection of air from below. 
Pantopaque in aqueduct and air in fourth ventricle 
come into contact, outlining thin obstructing 


lesion. (F) Tracing of E. 
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of air in the cingulate and callosal sulci, 
indicating hydrocephalus. Air in the cis- 
terna chiasmatica and _ interpeduncular 
cistern helps to rule out suprasellar lesions. 
The presence of air in the midline in the 
longitudinal fissure and equally over both 
cerebral hemispheres helps to exclude a 
supratentorial tumor. 

After fractional pneumoencephalog- 
raphy, the procedure described in this 
communication should be carried out if a 
localizing and lateralizing diagnosis has not 
been made. Other diagnostic measures are 
available; however, to date they have not 
been too successful in aiding in the locali- 
zation of tumors of the posterior fossa. 

Of these, the recently introduced tech- 
nique of pantopaque cisternoventriculog- 
raphy (myeloencephalography [MEG]) via 
the lumbar route, as described by Mones 
and Werman,!® should be mentioned. If air 
does not enter the fourth ventricle in the 
preliminary pneumoencephalogram, panto- 
paque introduced from below is even less 
likely to do so. However, if partial filling is 
obtained with air, more precise information 
may be gained if the fourth ventricle can 
be filled from below by pantopaque. This is 
predominantly true in brain stem tumors 
and angle tumors. This technique gives ex- 
cellent visualization of the cisterns of the 
posterior fossa and is probably the most 
valuable procedure for demonstrating small 
angle tumors before they have deformed 
the fourth ventricle. 

Vertebral angiography has been disap- 
pointing except in those few instances in 
which there is a tumor “stain,” in large 
aneurysms of the posterior fossa behaving 
like expanding lesions, and in distinguish- 
ing pontine from prepontine lesions. Caro- 
tid angiography is helpful in ruling out a 
cerebral hemispheric lesion. A study of the 
deep cerebral veins is of value in ruling out 
a para third ventricular tumor, while con- 
firming the presence of advanced hydro- 
cephalus. 

These ancillary procedures have a defi- 
nite place in the diagnostic work-up and 
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should be utilized whenever the informa- 
tion they provide is required for adequate 
localization. 


SUMMARY AND CONCLUSIONS 


1. Currently employed contrast studies, 
whether air introduced into the ventricular 
system or into the lumbar subarachnoid 
space, posterior fossa cisternoventriculog- 
raphy from below with pantopaque, or 
vertebral angiography are usually inade- 
quate for the precise localization required 
for surgical lesions of the posterior fossa. 

2. These methods (excluding vertebral 
angiography) fail because of their inability 
to demonstrate the fourth ventricle. 

3. Pantopaque when introduced into the 
ventricular system permits visualization of 
the fourth ventricle in almost every in- 
stance. This is accomplished rapidly and 
without the need for fluoroscopy or prelimi- 
nary roentgenography. The distortion of the 
caudal ventricular system thus demon- 
strated provides a precise preoperative 
localizing diagnosis. When combined with 
a small amount of air, the completeness of 
the study is enhanced. 

4. No adverse effects due to intracranial 
pantopaque, other than transient menin- 
geal reaction, have been noted in a large 
series of cases. 

5. Pantopaque ventriculography should 
replace pneumoventriculography in the 
roentgen diagnosis of surgical lesions of the 
posterior cranial fossa. 


Bruce L. Ralston, M.D. 
The Mount Sinai Hospital 
11 E. 100 Street 

New York 29, New York 


The authors are indebted to Dr. Bernard 
Wolf, Director of Radiology, Mount Sinai 
Hospital, New York, for his interest and en- 
couragement in this work. 
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CISTERNAL PNEUMOENCEPHALOGRA PHY * 


and ANSELMO PINEDA, M.D. 


CHICAGO, ILLINOIS 


NEUMOENCEPHALOGRAPHY, in- 

troduced by Dandy' in 1919, is one of the 
pillars of neurologic and neurosurgical prac- 
tice. Yet, as it is commonly performed by 
the injection of 60 or more cc. of air into the 
lumbar subarachnoid space, it is one of the 
more unpleasant diagnostic procedures in 
routine clinical use, and both the increas- 
ing reliance upon carotid angiography and 
the present interest in radioactive isotope 
studies in the localization of brain tumors 
indicate a certain dissatisfaction with the 
method as it is currently employed. 

In the early 1930’s, injection of about 
150 cc. of air and withdrawal of all available 
cerebrospinal fluid (with the patient sitting 
up) was a fairly standard procedure. The 
type of reaction following such lumbo- 
encephalography may be judged by Grant’s® 
article of 1932, in which he stated “‘Follow- 
ing encephalography we have frequently 
seen patients so severely shocked that 1 im- 
mediate operation was out of the question” 
and “*. . . if a tumor can be located .. . the 
reaction following the injection of air... 
may be fatal.’”’ The shortcomings of this 
type of examination are obvious, and it was 
early realized that the symptoms and com- 
plications were very much reduced if a 
small amount of air was used. In 1931 


Laruelle,* for example, advocated the use of 


not much more than Io cc. by the lumbar 
route. It was also known by that time that 
if air were injected directly into the cisterna 
magna by suboccipital puncture, a more 
selective filling of the ventricles could be 
obtained than by the lumbar route. Fligel* 
advised the use of about 20 cc. of air in 
this manner and employed it successfully 
in patients with intracranial tumors 
(though without papilledema). 
Nevertheless, small, selective pneumog- 
raphies were not generally accepted and 


many neurosurgeons settled independently 
for about 60 or 70 cc. injection of air by 
the lumbar route. Perhaps the wide accept- 
ance of Davidoff and Dyke’s® text-book is 
one reason for the present popularity of 
such a procedure. 

It has long been known that intracranial 
tumors are diagnosed by distortion of the 
ventricle pattern, not by distortion of the 
air distribution over the cortex. The di- 
agnosis of some tumors by means of a “‘tell- 
tale” cortical bubble has been described 
but we do not know of any in which sucha 
diagnosis was made in the presence of a 
completely normal ventricular pattern. It 
has also long been known that the capacity 
of normal ventricles is about 18 to 20 cc. of 
fluid;? it would seem, therefore, that the 
problem is to introduce 18 or 20 cc. of air 
selectively into the ventricles except that in 
the case of suprasellar or parasellar tumors 
a few more cubic centimeters must be di- 
rected into the basal cisterns. Air over the 
cortex is painful and unnecessary. 

Robertson! is one of those who in par- 
ticular has constantly sought to improve 
the technique by the selective placement of 
small volumes of air (lumbar route) rather 
than by simultaneous total visualization of 
each and every cerebrospinal fluid space. 
Later, Kristiansen and Vogt,’ and Lind- 
gren® advocated very similar methods. 
very small amount of air, 5 or 10 cc., 1s 
first introduced. Roentgenograms are taken 
and the head then altered in position, if 
necessary, to direct further air anteriorly 
or posteriorly by extension and flexion, 
respectively. By selective distribution of the 
air, excellent visualization can be obtained 
by 25 or 40 cc. in the majority of cases. 
Though more time and care are certainly 
required in the performance of this tech- 
nique and in its interpretation, the greater 


* From the Division of Neurological Surgery, University of Chicago Clinics, Chicago, Illinois. 
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comfort of the patient makes such consider- 
ations irrelevant. 

Many series have been reported. One of 
the most recent is that of Norlén and Wick- 
bom.!° They did 140 fractional pneumog- 
raphies in patients with tumor but without 
papilledema. Two patients deteriorated as 
a result of the procedure. They had a fur- 
ther series of 82 patients with tumor and 
papilledema of whom 4 deteriorated. One 
patient died, probably as a result of the 
test, but it is not stated in which series. 
They believe that pneumoencephalography 
and angiography are the procedures of 
choice in the contrast diagnosis of the ma- 
jority of supratentorial tumors, that pneu- 
moencephalography is of great value in out- 
lining tumors of the basal cisterns and in 
the cerebellopontine angle, but that ventric- 
ulography is necessary in a large proportion 
of cerebellar tumors (23 out of 36 cases). 

To return to the view of Fligel* and 
earlier workers that selective filling of the 
ventricles is more satisfactory if the sub- 
occipital route is used, we find that the idea, 
though dormant, was not entirely aban- 
doned. Jefferson® is one of those who ad- 
vocate it, stating “it upsets the patient less 
and the ventricles are filled more easily.”’ 
The reason why the ventricles fill more 
easily is that the air is injected directly into 
the cisterna magna and its easiest outlet, in 
the vertical position, is into the ventricles. 
It does not escape into the anterior basal 
cisterns. Air injected into the lumbar space, 
on the other hand, ascends both in front of 
and behind the cord (Fig. 1), enters fairly 
easily into the anterior basal cisterns, and 
thence spreads over the cortex. If in an 
effort to prevent this anterior escape the 
head is flexed too much, it will escape pos- 
teriorly over the cerebellum so that the 
optimum position of the head has a narrow 
range. If a patient develops headache and is 
restless, this optimum position is extremely 
difficult to maintain. 

At the present time many prefer sub- 
occipital pneumoencephalography in the 
presence of normal intracranial pressure, 
but there is a growing belief that it is pref- 
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Fic. 1. Air is ascending in neck from lumbar injec 
tion. Head is in neutral position, air ascends in 
front of and behind the cord. A small amount of 
air enters the prepontine cistern and the cisterna 
magna. 


erable to, and safer than, ventriculography 
in cases of raised intracranial pressure (ex- 
cept in those cases of tonsillar herniation 
where, of course, the method is impossible). 
Of 189 patients with brain tumor subjected 
to ventriculography by Dressler and Al- 
brecht,* 9.52 per cent died, and there was a 
deterioration in 15.3 per cent. Following 
suboccipital encephalography in 193 similar 
patients, death occurred in only 1 (0.52 per 
cent), and deterioration in 2.59 per cent. If 
we consider only those patients in whom 
papilledema was present, the figures do not 
differ greatly. Following ventriculography 
(131 patients) 11.45 per cent died and a 
further 12.98 per cent deteriorated. Follow- 
ing suboccipital pneumoencephalography 
(104 patients) 0.96 per cent died and 2.88 
per cent deteriorated. We cannot under- 
stand, nor do the authors explain, the ex- 
tremely high mortality and morbidity 
figures following ventriculography. They 
are somewhat higher (though not much 
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higher) than the figures quoted by Grant’ in 
the early 1930’s, but the low figures after 
cisternography even in the presence of 
papilledema are impressive. It seems im- 
probable that puncture of the brain alone 
could cause the high mortality in ventric- 
ulography. It may be that larger volumes 
of air are used in standard ventriculography 
than in suboccipital pneumography, and it 
may be that the sudden raising and lower- 
ing of intracranial pressure to which the 
patient is subjected may be a further de- 
ciding factor. 


MATERIAL 


During the past year we have performed 
118 pneumographies in patients with a wide 
variety of neurologic disorders, mostly to 
diagnose or exclude intracranial tumors. 
Patients with papilledema were investi- 
gated by ventriculography or arteriography 
(except 2 who had suboccipital pneumo- 
encephalography). Forty-six of the 118 
patients had pneumography by the lumbar 
route; in 72 the cisternal approach was 
used. There was no selection in this distri- 
bution except that more patients were done 
cisternally as our confidence increased. 


TECHNIQUE OF CISTERNAL 
PNEUMOENCEPHALOGRAPHY 


We had noted that Dressler and AI- 
brecht® performed the cisternal puncture 
with the patient in the supine position, 
occasionally supported on his elbows and 
with the head flexed. We thought this was 
not only cumbersome but subject to dan- 
ger if the patient for any reason ceased to 
support himself, and we placed the patient 
sitting on or astride an upright chair with 
the back vertical and the head flexed. In 
this position the needle is horizontal or even 
tilted down and our filling was unsatisfac- 
tory for two reasons. In the first place, some 
air did not enter the ventricles but escaped 
over the posterior cerebellum; and, sec- 
ondly, when we disconnected the syringe 
it was possible for some air to escape back 
through the needle. We then realized that 
Dressler and Albrecht’s’ head position was 
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the proper one and by providing a com- 
fortable reclining chair solved the difficulty 
of support. The patient reclines on a chair 
thrown well back and flexes his neck (Fig. 
2). Reid’s base line lies horizontally and it 
is possible to direct the needle upward in- 
stead of straight in. This upward direction 
of the needle has the further advantage that 
if inserted too far it would continue up- 
ward into the cistern rather than horizon- 
tally through the spinal cord. The site of 
the mid-line puncture is above the spinous 
process of the axis which is at the level of 
the tip of the mastoids. The direction is to- 
ward the glabella. After injecting local 
anesthetic, a No. 22 needle is advanced un- 
til it engages into the thick drum-like 
atlanto-occipital membrane. The point of 
the needle is now no longer free but is 
tightly gripped by this membrane. It is 
then advanced 1 mm. beyond the mem- 
brane. If intracranial pressure is not in- 
creased, fluid will not flow out freely. To 
verify the position of the needle, one 
aspirates with a light 1 cc. syringe. If no 
fluid is obtained, the needle may be ad- 
vanced a further millimeter and another 
attempt made. It is rarely necessary to ad- 
vance beyond this. A cisternal puncture is 
easier to perform than a lumbar puncture. 
With the head flexed the suboccipital space 
is wider than the interspinal space. If at the 
depth of 2 mm. beyond the atlanto-occipital 
membrane no fluid is obtained, then one 
obeys the absolute unyielding law of cister- 
nal puncture—in the presence of any prob- 
lem or difficulty, desist. There is no place 
for inspired poking; there is no second try in 
cisternal puncture. Either the needle is un- 
skilfully directed and is not in the cisterna 
magna at all, or it is there impinging the 
cord or herniated tonsil. It should be with- 
drawn immediately. The beginner who has 
difficulty in finding the atlanto-occipital 
space should initially aim high, then step 
down the occiput with the needle (the area 
being well anesthetized) until he finds the 
membrane. Beyond the membrane he too 
has only one try. When, with a little experi- 
ence, a three dimensional mental image of 
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Fic. 2. (4) Dressler and Albrecht’s’ position. Needle points up. (B) Wrong position. Needle points down. 
(C) Correct position. Needle points up and in spite of moderate flexion of neck, Reid’s base line is hori- 


zontal. 


the cisterna magna has been acquired, a 
single gentle puncture is all that is ever 
needed. When the position of the needle is 
verified by aspirating one drop of fluid, air 
is slowly introduced over a period of three 
to five minutes. If there is not a free flow of 
air or fluid through the needle at any time 
during the procedure, it may be felt that 
the needle has been inadvertently with- 
drawn. This is a dangerous assumption be- 
cause it might equally well have been in- 
advertently advanced. Therefore, always 
withdraw the needle completely through 
the atlanto-occipital membrane and reposi- 
tion it rather than advance it by mistake 
into the cord. 

No pain is experienced during the injec- 
tion of the first 10 cc. of air. If significant 
pain occurs at this stage, then air is not en- 
tering the ventricles and the head must be 
re-positioned or the examination aban- 
doned. It is best to take roentgenograms 
and see what actually is happening. There 
may, for example, be a block of the aque- 
duct. Between 10 and 20 ce. a mild head- 
ache may develop, but rarely of any sig- 
nificance before the 20 cc. mark. If the ven- 
tricles are large, no headache develops 
though large quantities are introduced. In 
the majority of cases we have not with- 
drawn fluid until the total air has been in- 
troduced, for it has been shown by Ryder 
et al.” that readjustment to the previous 
pressure, whether high or low, is achieved 
with extreme rapidity. In ordinary cases 20 


or 25 cc. are adequate for a satisfactory air 
study (Table 1). We have, on occasion, used 
much greater quantities than this, but we 
do not believe that we have achieved any 
better filling with large amounts than with 
small ones except in patients with dilated 
ventricles. If no headache whatsoever is ex- 
perienced after 20 cc. of air is injected, it is 
well to add more air because the ventricles 
are large and require a greater volume to 
outline them clearly. As a rule we continue 
until some headache is experienced. The pa- 
tient is then placed on his back and routine 
roentgenograms taken. If air escapes from 
the ventricular system during positioning 
of the head, further headache will be ex- 


TABLE I 


Cisternal Pneumography Lumbar Pneumography 


Air Injected No. of Air Injected No. of 
(cc.) Cases (cc.) Cases 
10 I 1§— 20 I 
15-20 14) 26- 30 2 
21-25 22/52 36- 40 6) 
26-30 16) 45 4) 
31-35 6 46- 50 10\ 
36-40 8 51- 55 5| 37 
41-50 2 56- 60 
— 3 61-— 65 4) 
71-75 — 66- 7 2 
Total 72 76- 80 I 
Cisternal 72 96-100 2 
Lumbar 46 106-110 I 

Total 118 Total 46 
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TaBLe II 


CISTERNAL PNEUMOGRAPHY IN INTRACRANIAL NEOPLASM 


Air In- Papille- Complica- 


Case No. Age Diagnosis ; 
(yr.) jected (cc.) dema tion 
8C 60 parasagittal meningioma 23 no none 
13C 27 temporal lobe cyst 22 no none 
23C 46 squamous cell carcinoma, intracranial 30 yes fainted 
25C 40 glioblastoma 25 yes none 
31C 7 acoustic neurinoma 30 no none 
39C 50 cerebral metastatic carcinoma 35 no none 
46C 49 frontal astrocytoma 25 no none 
soC 44 oligodendroglioma 30 no none 
55C 7 sphenoid ridge meningioma 25 no none 
63C 63 glioblasto-astrocytoma 25 no none 
69C 68 parietal meningioma (heart failure, early) 20 no none 


pected. In most patients headache has 
fairly completely subsided within a few 
hours after the procedure unless the patient 
is restless and spills air into the subarach- 
noid spaces. It was our impression that pa- 
tients with tumor had less headache than 
the others. 


RESULTS 


By both lumbar and cisternal routes we 
had less than Io per cent unsuccessful or un- 
satisfactory ventricular filling. The cister- 
nal failures occurred in earlier cases when 
we were still improving our technique, par- 
ticularly that of position. If the cisternal 
puncture proved unsuccessful we have not 
repeated it, but on the same or subsequent 
day have done a lumbar examination (not 
always with success). In 11 of our sub- 
occipital pneumographies, intracranial neo- 
plasms were present (Table 11). Only 2, the 
squamous cell carcinoma and the glio- 
blastoma, had papilledema, but in none of 
the total 72 patients in this series was there 
any deterioration whatsoever.* Three of the 
patients did not have an operation, includ- 
ing the patient with squamous cell car- 
cinoma who had papilledema (Fig. 3). In 
the 8 who came to surgery, the operation in 
each instance was at the time of election 
and was in noway precipitated by pneumog- 


* One patient in a subsequent series with an, as yet, undiag- 
nosed degeneration temporarily worsened after cisternal pneumo- 
encephalography. 


raphy. The patients included a seventy- 
five year old woman and a case with mild 
heart failure. The only complication beyond 
mild headache occurred in the patient with 


Fic. 3. Intracranial extension of squamous cell car- 
cinoma. Note the erosion of the temporal bone on 
the right. The right ventricle did not fill. Thirty 
cubic centimeters of air were used and, though the 
patient fainted during the injection, he had 
practically no headache afterward. Marked papil- 
ledema was present. 
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Fic. 4. (4 and B) Large left temporal lobe cyst. No papilledema. Twenty-two 
cubic centimeters of air were used. 


the squamous cell carcinoma, who fainted 
for a few seconds during the injecting, but 
peculiarly enough was one of those who had 
virtually no headache. He had 30 ce. of air. 
Most striking result of the study, apart 
from the safety in cases of intracranial tu- 
mor, is the relative mildness of the pro- 
cedure. A patient, 13C (Fig. 4, 4 and B), 
who had a temporal lobe cyst, was sitting 
up in bed calling for breakfast and a news- 
paper within ten minutes after the end of 
the study, completely without headache. 
Another patient, 39C (Fig. 5), had moder- 
ate frontal headache during the injection 
but none immediately afterwards. Shock, 
profuse perspiration, severe retching and 
vomiting were absent from this series. A few 
patients were nauseated at the completion 
of injection. Headache rarely lasted more 
than a few hours. In none of those who had 
less than 30 cc. of air injected did head- 
ache persist into the next day. This is in 
contrast to the findings of Davidoff and 
Dyke,” who found that patients who had on 
an average 63 cc. of air had symptoms for 
an average of 2.25 days. 

In general, the patients having selective 
lumbar pneumographies had more disturb- 
ance. In most of them we used a greater 
volume of air (for example, 35 to 40 cc.) 


than in the suboccipital cases (Table 1). 
Nevertheless, these patients, too, suffered 
less than did those in whom we used our 
previously standard method (65 cc.). One 
patient who had standard pneumography a 
year previously commented after a small 
lumbar study, “My, you’ve taken the kick 
out of this thing.” 

In one case of aqueduct stenosis in an 
adult, in whom tonsillar herniation was 
subsequently shown at autopsy, an at- 


Fic. 5. Left occipital metastatic tumor. No papil- 
ledema. Thirty-five cubic centimeters of air were 
used. Note filling of the total ventricular system 
(including third and fourth ventricle) except in the 
neighborhood of the tumor. 
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tempted cisternal puncture was unsuccess- 
ful, but the patient suffered no consequent 
deterioration. It is noteworthy that in this 
patient with long standing tonsillar hernia- 
tion, the atlanto-occipital membrane was 
extremely thin. It was quite unlike the 
normal thick drum-like membrane but 
rather like the lumbar dura and just gave 
enough sense of resistance to known when 
it was punctured. The normal atlanto- 
occipital membrane, on the other hand, 
requires a deliberate but controlled effort to 
penetrate it. One must remember this possi- 
bility of a thin membrane and judge one’s 
position by depth as well as by resistance. 
The cistern is usually encountered at 5 to 6 
cm. from the surface. 


DISCUSSION 


Our present enthusiasm for the cisternal 
route does not lead us to recommend it for 
all and every diagnostic air study. We 
emphasize that the suboccipital puncture is 
not a procedure for the inexpert. Lumbar 
pneumoencephalography 1 is more versatile 
in that the large range of movement of the 
head during injection allows air to be di- 
rected at will over the base (by extension) 
into the ventricles (neutral) or over the 
cerebellum (by flexion). One can plan the 
volume and direction of subsequent air in- 
jections by study of the roentgenograms 
as the procedure advances. Lumbar pneu- 
moencephalography is, therefore, preferable 
if one wishes to examine the cortical sub- 
arachnoid space in cases of atrophy or if 
one wishes to examine the subarachnoid 
cisterns in cases of suprasellar, parasellar, 
or cerebellopontine angle tumors. If one 
wishes to fill the ventricles, there is the dis- 
advantage that air ascending in front of the 
cord (Fig. 1) may escape into the basal 
cisterns. For all cases of suspected supra- 
tentorial tumor with normal pressure, which 
are essentially diagnosed by deformity of 
ventricular filling, the suboccipital method 
is that of choice. It may well be that this is 
also the method of choice in cases of in- 
tracranial tumor with raised intracranial 
pressure, though if tonsillar herniation is 
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present no fluid will be obtained and the 
method is impossible. Dressler and Al- 
brecht? have produced figures indicating 
that in their hands it is safer than ventric- 
ulography, while Jefferson’ states, “I’ve be- 
come convinced by experience that it isa 
safe, practicable and advantageous method, 
the danger of which in skilled hands is more 
apparent than real,” and “I’ve never seen 
trouble follow cisternal puncture even when 
cerebellar tumor was present.” 


SUMMARY 


1. Recent literature in England and in 
Germany suggests that cisternal pneumo- 
encephalography, using about 20 cc. of air, 
is preferable to lumbar encephalography 
and in those cases with raised intracranial 
pressure, it may be superior to ventriculog- 
raphy. 

2. During the last year, 72 suboccipital 
cisternographies were performed at the 
University of Chicago Clinics. In g of these, 
intracranial tumors were present though 
there was no papilledema. In a further 2, 
intracranial tumors were present with 
papilledema. No patient suffered any de- 
terioration whatsoever and in no case was 
operation precipitated by the examination. 
Headaches in all 72 cases were mild, short- 
lived and in a few instances almost com- 
pletely absent. No shock, severe perspira- 
tion or retching were encountered. The 
benign course of patients who had 20 cc. 
cisternal pneumographies is contrasted 
with that following a 65 cc. lumbar air in- 
jection. 

3. We are of the opinion that suboccip- 
ital pneumoencephalography is the pneu- 
mography of choice in cases of suspect in- 
tracranial tumor without papilledema. It is 
probable that it will also prove to be a pro- 
cedure of choice in those cases with papil- 
ledema. Investigation of the cerebral cortex, 
basal cisterns, and posterior fossa may be 
made more conveniently by the lumbar 
route. In the presence of tonsillar hernia- 
tion and with cerebellar tumors in general, 
ventriculography is required. Cisternal 
pneumoencephalography gives adequate 
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ventricular filling in the presence of patent 
pathways. It is less painful than lumbar 
pneumoencephalography. It is probably 
less dangerous then ventriculography. It is 
quicker than ventriculography or selective 
lumbar encephalography. It possesses the 
potential hazard of cord or medullary punc- 
ture in the hands of the inexpert. 


Sean Mullan, M.D. 

The University of Chicago 
University Clinics 

Chicago 37, Illinois 
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DYNAMIC ENCEPHALOGRAPHY 


By EDUARDO C. PALMA, M.D. 


MONTEVIDFO, URUGUAY 


NEUMOENCEPHALOGRAPHY or 

encephalography, which was first em- 
ployed by Dandy’ in 1919, is a useful pro- 
cedure in the study of various encephal- 
opathies. The air is usually introduced via 
lumbar puncture and, for this reason, the 
method should be avoided in cases of in- 
creased intracranial pressure, particularly if 
marked, because of the danger of cerebellar 
herniation. 

In 1919, Dandy advised against the use 
of encephalography and even lumbar punc- 
ture in cases of increased intracranial pres- 
sure produced by cerebral tumors. He felt 
that these procedures were safe only if de- 
compression had previously been effected 
by a ventricular puncture. Many investiga- 
tors!:7,917,18,19,23,.24 since have felt that the 
use of encephalography in cases of increased 
intracranial pressure should be avoided and 
for such cases have suggested ventriculog- 
raphy. Davidoff and Dyke® performed 
ventriculography in cases of increased in- 
tracranial pressure, and, when this exami- 
nation proved inadequate, they employed 
pneumoencephalography but only after 
burr holes had been made to facilitate a 
ventricular tap if this became necessary. 

We have performed encephalography in 
cases of increased intracranial pressure 
since 1948. Undoubtedly, the risk of cer- 
ebellar or cerebral herniation in these cases 
at times is very great, but this has been 
avoided by the use of a careful technique. 
We have employed the suboccipital route 
routinely, rather than lumbar puncture, for 
the introduction of air. 

The cisternal puncture offers two ad- 
vantages. First, it allows an exact measure- 
ment of the pressure of the cerebrospinal 
fluid in the posterior fossa, and secondly, it 
enables us to establish beforehand whether 
the cisterna magna is of normal size or 
whether it has been encroached upon or 
completely obliterated. We found that, as 
we acquired experience with this _pro- 


cedure, this was not difficult to ascertain, 
The puncture is carried out very slowly, ad- 
vancing the needle only a little at a time. 
Thus, it is possible to gauge approximately 
the “‘back to front”? dimensions of the 
cisterna magna. This is taken as the dis- 
tance the needle has advanced from the 
time the cerebrospinal fluid began to flow 
to the moment when this flow ceased. In 
most cases, it is not necessary to advance 
the needle until its point is obstructed. It is 
sufficient to know that the cisterna magna 
is at least 0.5 cm. from back to front. If this 
procedure is carried out gently and with 
the utmost care, there is no risk whatso- 
ever. 

In cases of increased intracranial pressure, 
the cisterna magna is progressively en- 
croached upon by the hernia of the vermis 
and the cerebellar tonsils. For this reason, 
the point of the needle makes contact with 
the vermis or the tonsils, and the outward 
flow of the cerebrospinal fluid through the 
needle is stopped before the needle has 
reached the medulla oblongata. In patients 
with very high cerebrospinal fluid pressure 
and great reduction of the cisterna magna, 
we formerly used ventriculography rather 
than encephalography. In all other cases of 
increased intracranial pressure where the 
cisterna magna was partially preserved, we 
undertook encephalography with good re- 
sults, not experiencing any accidents. Thus, 
we performed encephalography with greater 
frequency (95 per cent of the cases) than 
ventriculography. From 1948 to 1954 we 
were guided principally by the size of the 
cisterna magna rather than by the intra- 
cranial pressure in determining which pro- 
cedure to employ, not only in the posterior 
fossa lesions but also in cerebral tumors. 

In 1949, Lindgren"-'® described an en- 
cephalographic technique with which he ob- 
tained good results, even in those patients 
suffering from increased intracranial pres- 
sure. He also employed it effectively in 
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Fic. 1. Sketch of the cisternal puncture. (A) Normal. The cisterna magna is of normal anteroposterior depth. 
The needle can be advanced unobstructed between the tonsils until it reaches the anterior wall of the 
cistern (the medulla oblongata). (B) Increased intracranial pressure with moderate cerebellar hernia into 
the cisterna magna. The hernia of the vermis and cerebellar tonsils occupies part of the cisterna magna. 
The depth of the cisterna magna and, hence, the distance the needle can be advanced is less than normal. 
(C) Cases of greatly increased intracranial pressure (marked cerebellar hernia into the cisterna magna). 
The vermis and the tonsils occupy nearly all of the cisterna magna. The cisterna magna is markedly 
encroached upon and, hence, the needle can be advanced only a short distance. 


cases of cerebral atrophy." In Lindgren’s 
technique the danger of cerebellar and 
cerebral herniation is eliminated by the use 
of three fundamental principles: (a) The 
pressure of the cerebrospinal fluid is kept at 
a high level; (b) air is injected only 5 to 10 
cc. at a time, the location of the air and the 
patient’s condition being carefully eval- 


uated before each increment is added; and 
(c) the ventricles and the subarachnoid 
cisterns can be studied after an injection of 
only 20 to 25 cc. of air by roentgenograms 
taken in various positions. 

Lindgren introduced air by a lumbar 
puncture, injecting the first 5 to to cc. very 
slowly and without withdrawing cerebro- 


Stee 


Fic. 2. Sketch showing the position of the needle in the high cisternal puncture. The needle point is placed 
in the upper part of the foramen mangum between the cerebellar tonsils, the lower ends of which lie below 


the needle point. 
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Fic. 3. Sketch showing the modifications produced after the withdrawal of cerebrospinal fluid and the in- 
jection of 10 to 15 cc. of gas. The midline ventricular system is filled with gas as well as the basal cisterns. 
A temporary air-fluid level is produced in the upper part of the foramen magnum, leaving the lower ends 
of the cerebellar tonsils floating in the cerebrospinal fluid. 


spinal fluid; thus, the pressure in the spinal 
canal was maintained and prevented herni- 
ation of the tonsils into the foramen mag- 
num. If air entered the ventricles, further 
air was injected. The volume of the fluid 
withdrawn was always smaller than that of 


the air injected. The position of the head 
was adjusted in order to obtain about 15 cc. 
of air in the ventricles, and later some Io 
cc. in the cisterns. Lindgren!‘ demonstrated 
that the process 1s applicable in cases of pos- 
terior fossa tumors, and is of greater useful- 
ness than ventriculography because it 
shows not only the ventricles but also the 
subarachnoid pathways and cisterns. 
Falk® confirmed Lindgren’s investiga- 
tions by an analysis of results obtained on 
1,800 patients studied in the Department of 
Radiology of the Serafimerlasarettet during 
1948-1951. Falk pointed out, however, that 
there are risks of hemorrhage and late com- 


Fic. 4. Sketch showing the outward flow of the 
cerebrospinal fluid through the puncture needle, 
after the injection of gas, in a case where the gas 
flowed freely towards the lateral ventricles. By 
this means the increased intracranial pressure pro- 
duced or accentuated by the gas injection is im- 
mediately relieved and danger of hernia of the 
cerebellar tonsils into the foramen magnum is 
avoided. 
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plications, such as calcification, associated 
with the technique. Lindgren’s technique 
also is hazardous in cases of markedly in- 
creased intracranial pressure in which cen- 
tral tumors block the third ventricle or the 
aqueduct and in cases of posterior fossa tu- 
mors which block the fourth ventricle. In 
these cases, the burr holes should be made 
first in case it becomes necessary to tap the 
ventricles for decompression. 

Wickbom and Sheldon” are also in agree- 
ment with the results obtained by Lindgren 
and Falk and stress the great value of the 
procedure, together with vertebral arteri- 
ography, for the diagnosis of posterior fossa 
tumors. Heppner,” describing a case of 
postventriculography air embolism, points 
out other likely complications from ventric- 
ulography, including infection, cerebral 
edema, hemorrhages, and hypersecretion of 
the cerebrospinal fluid. For these reasons 
he considers Lindgren’s encephalography 


Fic. 5. Sketch showing the outward flow of. in- 
jected gas and cerebrospinal fluid through the 
puncture needle in cases where the flow of oxygen 
is in the ventricular system and is obstructed by a 
mass lesion of the posterior fossa, the third ven- 
tricle, etc. The escape of gas and fluid immediately 
relieves the increased pressure produced by the 
oxygen injection and thus relieves the danger of 
herniation of the cerebellar tonsils into the for- 
amen magnum. 
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Fic. 6. Sketch showing that the reduction of pressure 
produced in the posterior fossa by dynamic pneu- 
moencephalography aggravates incipient tentorial 
cerebral hernias.’ In these cases, this procedure 
should be avoided and in its stead ventriculogra- 
phy should be employed. 


preferable to ventriculography. Rug- 
giero”:*> has confirmed Lindgren’s work. 
In his opinion, encephalography carried 
out with this technique, which he calls 
fractional encephalography, is no more 
dangerous than ventriculography and 1 
preferable in a number of respects. 


TECHNIQUE 


Since 1953, we have used a technique 
which we call “dynamic encephalography.”’ 
This was developed on the basis of our ex- 
perience with encephalography via the sub- 
occipital route and with Lindgren’s tech- 
nique, which we had also used. In October, 
1954, we presented an initial communica- 
tion to the Neurological and Neurosurgical 
Society of Uruguay” showing the results of 
our first 7 cases. 

The technique is based on the following 
principles: 

A high cisternal puncture is made 
with the needle ascending obliquely. The 
needle point reaches the cisterna magna at 
the level of the upper part of the foramen 
magnum between the cerebellar tonsils. 
Thus, the lower ends of the tonsils are be- 
low the point of the needle. 
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Fic. 7. Dynamic pneumoencephalography (posteroanterior roentgenogram) in a normal case, showing 
the fourth ventricle, the aqueduct, the third ventricle and the basal cisterns. 


2. Under these conditions, when fluid is 
removed from the cisterna magna and air 
is injected, the column of cerebrospinal 
fluid which remains below the needle point 
and continues to fill the spinal canal along 
the whole of its length to the foramen mag- 
num supports the cerebellar tonsils. 

3. The injection of 10 to I$ cc. of air 
with the needle in this position, followed by 
the outward flow of air or cerebrospinal 
fluid through the same needle, produces an 
increase in intracranial pressure of very 
brief duration. Thus, the herniation of the 
tonsils into the foramen magnum _ is 
avoided. This is because (a) the accentu- 
ated increase in intracranial pressure lasts 
only a few seconds; (b) the cerebellar ton- 
sils are supported by the column of cere- 
brospinal fluid; (c) the decompression pro- 
duced by the needle is effected at the level 
of, or just above, the foramen magnum 
where the cerebellar herniation might 


occur. 


4. In those cases where no obstruction or 
compression of the fourth ventricle, aque- 
duct or third ventricle exists, the rapid in- 
jection of 10 to 1§ cc. of air into the cisterna 
magna with the patient in a sitting posi- 
tion results in the filling of these structures. 
At the same time, part of the injected air 
enters the basal cisterns. Single, or better, 
serial roentgenograms taken during the 
final stages of the air injection demonstrate 
the basal and posterior fossa cisterns, the 
fourth ventricle, aqueduct, and the third 
ventricle before the air accumulates in the 
lateral ventricles. 

5. In cases of obstruction or compression 
of the fourth ventricle, aqueduct or third 
ventricle, the injection of 10 to 15 cc. of air 
into the cisterna magna fills only the distal 
portion of the midline ventricular system 
up to the site of obstruction and only dis- 
tends the cisterns of the posterior fossa for 
an instant, before the air or cerebrospinal 
fluid escapes through the needle. Conse- 
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quently, roentgenograms taken during the 
final stages of the air injection show the 
distal ventricular system up to the point of 
obstruction and the cisterns of the pos- 
terior fossa and the base. 

The technique is carried out as follows: 
The patient is placed in a sitting position, 
firmly held, with his head against the roent- 
genographic plate. The upward puncture 
of the cisterna magna is performed with a 
fine needle with a short beveled edge, fol- 
lowing local anesthesia with 1 per cent 
nupercaine. The needle should penetrate 
the skin precisely in the midline, just above 
the apophysis of the axis. It is then pointed 
obliquely upward and forward, and passes 
just beneath the posterior border of the 
foramen magnum, to enter the cisterna 
magna at the level of the foramen magnum. 
The needle point is then situated in the 
middle, or even in the superior portion of 
the foramen, which is really a short bony 
canal. The pressure of the cerebrospinal 
fluid in the cisterna magna is measured. 
The roentgenographic machine is held in 
readiness while 8 to 20 cc. of oxygen are 
injected rapidly through the needle and 
one or more roentgenograms are taken at 
the precise moment that the air injection 
is completed. The syringe is promptly re- 
moved, leaving the needle in position to 
allow an immediate escape of injected oxy- 
gen or cerebrospinal fluid from the cisterna 
magna, thus immediately relieving the in- 
creased intracranial pressure which has 
been caused or accentuated by the injec- 
tion. The injection is repeated with the 
roentgenograms taken in various positions 
depending on the case and the indications. 
The best positions are the posteroanterior 
and the lateral. It is sometimes necessary to 
take roentgenograms in oblique positions in 
order to avoid superimposition of the mas- 
toid images. Later, the usual roentgeno- 
grams are taken in order to demonstrate 
the various parts of the lateral ventricles. 


RESULTS 


We have used this technique on 170 pa- 
tients to date. The results have been most 
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lic. 8. Lateral roentgenogram in a normal case show- 
ing the fourth ventricle, the aqueduct, the third 
ventricle and the posterior part of the lateral ven- 
tricles and the basal cisterns. 


encouraging so far. The procedure has been 
well tolerated in nearly all cases. Only one 
fatal accident, in a comatose woman with 
multiple metastases, has occurred. In some 
of the patients we have noted minor com- 
plications such as headache, moderate 
tachycardia, nausea and vomiting. 

The roentgenograms have been very 
good, demonstrating quite clearly the 
fourth ventricle, the aqueduct, the third 
ventricle, and the cisterns of the posterior 
fossa and the base, showing the deformity 
or displacement of these structures pro- 
duced by an expanding lesion. 

This technique offers a number of ad- 
vantages over other procedures. It shows up 
the lateral and midline ventricular system 
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Fic. 9. Large meningioma of the right cerebellar hemisphere. Dynamic pneumoencephalography at a moder- 
ate pressure, showing the deformity of the fourth ventricle and the cisterna magna, with the disappear- 


ance of the right pontocerebellar cistern. 


quite clearly as well as the cisterns of the 
posterior fossa and of the base. It can be 
used in most cases of increased intracranial 
pressure and is most useful for the diagnosis 
of mass lesions in the posterior fossa. If 
necessary, the air injections can be repeated 
several times in order to obtain better 
roentgenograms in various positions. The 
procedure requires very little time. It is 
generally well tolerated by the patients 
and causes fewer complications than en- 
cephalography via lumbar puncture. 

In Lindgren’s method, the air is intro- 
duced into the spinal canal far below the 
foramen magnum, while in the technique 
suggested by the author, the oxygen is in- 
jected into the cisterna magna itself, above 
or at the upper edge of the foramen mag- 
num. 

With the same needle the posterior fossa 
is decompressed, and, in this way, the dan- 
ger of cerebellar herniation into the foramen 
magnum is minimized. 


This technique must only be carried out 
by experienced individuals. The proximity 
to the medulla oblongata makes any error 
potentially hazardous. 

In cases of very high intracranial pres- 
sure, where danger of a tentorial cerebral 
hernia exists and has perhaps begun, the 
process should be supplemented by previous 
decompression carried out by inserting a 

cannula into the right lateral ventricle. 

The procedure presents no difficulty in 
most cases of tentorial cerebellar hernia 
produced by expanding lesions of the pos- 
terior fossa inasmuch as the decompression 
is carried out in the fossa in which the tu- 
mor is situated. 


SUMMARY 


A new method of encephalography is de- 
scribed. It is called “dynamic” because the 
roentgenograms are taken while the in- 
jected oxygen is moving upwards through 
the ventricular system and also because the 
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Vic. 10. Large meningioma of the right cerebellar hemisphere. Dynamic pneumoencephalography at a higher 
pressure shows the expansion of the aqueduct, the deformity of the fourth ventricle and of the cisterna 
magna. There is nonvisualization of the right hemispheric and pontocerebellar cisterns with complete 


visualization of these structures on the left side. 


cerebrospinal fluid and gas are immediately 
allowed to flow out. 

The procedure which has been used in 
170 cases with excellent roentgenographic 
results is, in general, well tolerated by the 
patients. 

It can be employed in cases of increased 
intracranial pressure and is very useful 
when a posterior fossa tumor is present. In 
cases of increased intracranial pressure 
when there is danger of cerebral herniation 
through the tentorium, a decompressing 
cannula is previously inserted in the right 
lateral ventricle. 

Oxygen is injected by means of a high 
cisternal puncture with the needle point 
above or at the upper edge of the foramen 
magnum and, therefore, above the osseous 
ring into which the cerebellar tonsils might 
herniate. By this method, the cerebro- 


spinal fluid column within the spine is 
maintained and prevents downward hernia- 
tion of the cerebellar tonsils. Furthermore, 
as the needle is left iv situ and permits the 
escape of gas or cerebrospinal fluid im- 
mediately after the oxygen injection, the 
increased intracranial pressure produced or 
accentuated by the injection is of brief 
duration. 


Mercedes 937-Piso 2 
Montevideo 
Rep. O. del Uruguay 


REFERENCES 


1. Bincet, A. Encephalographische Erfahrungen. 
Ztschr. f. d. ges. Neurol. u. Psychiat., 1928, 114, 
323-475. 

2. CasTELLANO, F., and Ruacaiero, G. Meningio- 
mas of posterior fossa. Acta radiol., 1953, 
Suppl. 104. 

3. Danoy, W. E. Roéntgenography of brain after 


9 
‘ | 

ut 
ty 
or 
>S- 
ral | 
he | 
US 
: a 

in 
OS- 
ion | 
tu- 

de- | 

the 

1n- 
igh 
the 


injection of air into spinal canal. Ann. Surg., 
1919, 70, 397-403. 

4. Davin, M., Rucciero, G., and J. 
Comparison between encephalography and 
ventriculography. Acta radiol., 1954, 42, 37- 
42. 

5. Daviporr, L. M., and Dyke, C. G. The Normal 
Encephalogram. Second edition. Lea & Fe- 
biger, Philadelphia, 1946. 

6. Daviporr, L. M., and Epstein, B. S. The Ab- 
normal Pneumoencephalogram. Lea & Febiger, 
Philadelphia, 1950. 

7. Denx, W. Ueber die Gefahr der lumbalen 
Encephalographie bei Hirntumoren. Zen- 
tralbl. f. Chir., 1923, 50, 471-472. 

8. Fak, B. Encephalography in cases of intra- 
cranial tumour. Acta radiol., 1953, 40, 220-233. 

g. FriepMAN, E. D., Snow, W., and Kasanin, J. 
Experiences with encephalography via lumbar 
route. Arch. Neurol. & Psychiat., 1928, 79, 
762-795. 

10. Frimann-Daut, J., and INGEBRIGTSEN, B. New 
method pneumography of subarachnoid basal 
cisterns. Acta radiol., 1941, 22, §92-597. 

11. Frise, F. E. Zur Methodik und Verwertbar- 
keit der Encephalographie in der Tumordiag- 
nostik. Deutsch. Ztschr. f. Nervenh., 1930, 112, 
251-265. 

12. Heppner, F. Air embolism 8 hours after ventricu- 
lography; case report. Acta radiol., 1952, 38, 
294-298. 

13. Linperen, E. Encephalographic examination of 
tumors in posterior fossa. Acta radiol., 1950, 
34, 

14. LinpGren, E. Encephalography in cerebral 
atrophy. Acta radiol., 1951, 35, 277-291. 

15. LinpGren, E. Neumografia del craneo. Ence- 
falografia y ventriculografia. In: Schinz, H.R., 
Baensch, W. E., Friedl, E., and Uehlinger, E. 
Rontgen Diagnéstico. Vol. II. 1954, pp. 1618- 
1664. 

16. LinpGreN, E. Some aspects on technique of 
encephalography. Acta radiol., 1949, 37, 161- 


177. 


19. 


29. 


Eduardo C. Palma JuNE, 1959 


. LysHoum, E. Das Ventrikulogramm. Acta radio], 
1937, Suppl. 24. 

. Lysuotm, E. Experiences in ventriculography 
of tumors below tentorium.. Brit. ‘7. Radiol, 
1946, 19, 437-452. 

Martin, C. L., and Unter, C. V. Roentgenog- 
raphy of intracranial passages following spinal 
air injections. Am. J. RoENTGENOL. & Rap, 
THERAPY, 1922, 9, 543-549. 

Patma, E. Comparacién entre la encefalografia 
de Dandy, la de Lindgren y la dindmica. Soc, 
de Chir. del Urug., 1955, 26, 110-129. 

. Parma, E. Encefalografia dinamica. Presented 
at Sociedad Neurologia y Neurocirugia del 
Uruguay, October 15, 1954. 

Patma, E. Neumoencefalografia dinamica. V] 
Congreso Latino-americano de Neurocirugia, 
March, 1955, pp. 1332-1346. 

Pancoast, H. K., and Fay, T. Encephalography: 
Roentgenological and clinical considerations 
for its use. Am. J. ROENTGENOL. & Rap. THEr- 
APY, 1929, 27, 421-447. 

Penperorass, E. P. Value of and indications for 
encephalography and ventriculography, with 
discussion of technique. S. Clin. North America, 
1930, 70, 1461-1475. 

Rucociero, G. Contribution to discussion about: 
Encephalography in intracranial tumors. Acta 
radiol., 1953, 40, 267-271. 

Rucciero, G. Quelques aspects de |’indication 
et de la technique de |’encéphalographie. Rev. 
neurol., 1950, 83, 420-430. 

. SCHAEFER, R. Uber die diagnostiche und thera- 
peutische Verwendbarkeit der Enzephalo- 
graph durch Subokzipitalpunktion. Deutsches 
Arch. f. klin. Med., 1929, 165, 23-40. 

Wicksom, I., and SHELDon, P. Some aspects of 
radiologic diagnosis of posterior fossa and 
supra-sellar tumours. Acta radiol., 1953, 40, 
249-260. 

Youns, R. H. Cisternal encephalography; util- 
ization of spontaneous filling of ventricles with 
air following withdrawal of fluid by cisternal 
puncture. Surgery, 1941, 9, 931-937. 


Axx 


| 
18 
> 
20 | 
21 
3 
24 
4 
25 
26 
ie : 
27 
| 
| 
| 
| 
| 
i 


VoL. 81, No. 6 


ROENTGENOLOGIC PRINCIPLES OF A NEW 
STEREOTAXIC APPARATUS* 


By DAVID FAIRMAN, M.D.+ 


CHARLOTTESVILLE, VIRGINIA 


HE successful introduction of guided 

instruments in the brain depends pri- 
marily on the proper roentgenologic locali- 
zation of intracerebral reference points in 
relation to the zero position of the electrode 
or needle. When roentgenograms are taken, 
it is essential to keep the median plane of 
the skull parallel to the roentgenographic 
film because only under these conditions all 
structures in the midsagittal plane of the 
skull are projected in a constant ratio to the 
film. In order to insure this position of the 
skull, various devices are used in the differ- 
ent stereotaxic apparatuses, such as two 
plastic plates which are placed parallel to a 
line drawn on the head from the center of 
the bridge of the nose to the inion. 

In the instrument described in this pa- 
per, the position is insured by using the 
roentgenographic guide attached to the ap- 
paratus. For that purpose the stem of the 
guide is provided with a frontal and antero- 
lateral posterior movement which permits 
correct position that is always parallel to 
the film. 

In choosing the distance of the roent- 
genographic tube from the film, it should 
be taken into consideration that even dis- 
tances of 3 or 4 meters as used by Talairach 
et al.” do not make it possible to attain ex- 
actly parallel roentgenograms. At a 3 meter 
distance, for instance, structures in the 
median sagittal plane of the head are en- 
larged at the ratio of about 9§ to 100. Fur- 
thermore, at these distances of the roent- 
genographic target from the film, it is nec- 
essary to use a rather large roentgeno- 
graphic room. Exact centering is difficult 
and time consuming, particularly when 
dealing with patients suffering from invol- 
untary movements. We use a target film 


distance of 110 cm. and the magnification 
is calculated by measuring the enlargement 
of the distance between the center of the 
spheres in the roentgenographic guide and 
the same distance in the film. Spiegel and 
co-workers! determine the zero position of 
the electrode in their instrument by the 
intersection of the interaural and median 
plane. It should be noted that the median 
sagittal plane of the skull and that of the 
brain frequently do not coincide due to 
cranial asymmetries or because of patho- 
logic flatness, as in instances of atrophic 
changes of parts of one hemisphere. Theze- 
fore, it is necessary to visualize intracere- 
bral structures such as the septum pelluci- 
dum or third ventricle on anteroposterior 
roentgenograms in order to find the loca- 
tion of the median plane of the brain. 

In the instrument described in this re- 
port, the zero line is determined automati- 
cally by the stem of the roentgenographic 
guide. 


DESCRIPTION 


The ideal stereotaxic apparatus should 
fulfill the three following minimum require- 
ments: (1) The apparatus should be as light 
as possible and must be attached rigidly to 
the skull in such a way that the measure- 
ments can be taken in exactly the same po- 
sition when necessary; (2) the electrode 
holder or needle must have the necessary 
movements in all three directions in space, 
including the inclination in the sagittal as 
well as in the frontal plane, and simultan- 
ously measure the corresponding angles; 
(3) there must be provisions to position the 
skull exactly and rigidly for roentgeno- 
graphic examination so that the median 
sagittal plane of the skull or preferably the 


* From the Department of Neurosurgery, University of Virginia, Charlottesville, Virginia. 


T Assistant Professor of Neurosurgery, University of Virginia. 
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Fic. 1. The platform is attached to the skull by 
means of inserting the ring into the trephine hole 
previously made. 


David Fairman 


JUNE, 1959 


Fic. 3. A needle carrier mounted in the protractors 
is attached to the platform. 


zero line is parallel to or perpendicular to 
the roentgenographic film. 

There has been an attempt to meet the 
above mentioned requirements in the appa- 
ratus which I have developed and which 
consists of three parts: (1) A platform with 
an expanding metallic ring (Fig. 1); (2) a 
roentgenographic guide (Fig. 2); and (3) a 
needle carrier mounted in the protractors 


(Fig. 3). 
TECHNIQUE 


First, the platform is attached to the 
skull by means of inserting the ring into the 
trephine hole previously made. A complete 
rigidity is achieved by expanding the me- 
tallic ring as much as necessary against the 
edges of the trephine hole (Fig. 1). Sec- 
ondly, the roentgenographic guide is at- 


Fic. 2. The roentgenographic guide is 
attached to the platform. 
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Fic. 4. (4 and B) The stem of the roentgenographic guide is adjusted in the lateral view in such a 
way that the stem is parallel to the film. 


Fic. 5. (4 and B) The stem of the roentgenographic guide is adjusted in the anteroposterior view 
by placing the stem parallel to the film. 
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Fic. 6. The zero line is determined by the line con- 
necting the center of the two spheres. 
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Fic. 8. The needle is introduced fixed in 
the desired position. 


tached to the platform. The stem of this 
guide is adjusted in such a way that when 
the anteroposterior and lateral roentgeno- 
grams are taken, the stem is parallel in both 
cases to the film (Fig. 4, Zand B;and 5, 4 
and £). Thirdly, after taking the roentgeno- 
grams and as soon as the film is developed, 
the zero line and zero point are determined. 

As shown in Figure 6 the zero point is 
determined by marking the distance be- 
tween the centers of the spheres at c. By 
tracing a line between the zero point and 
the target previously selected on the film 
with the air filled ventricles, we have two 
angles in the anteroposterior and lateral 
position (Fig. 6 and 7). A protractor is then 


Fic. 7. The zero point is determined by transposing 
the distance between a and b at c. By tracing a 
line between the zero point and the target, we 
have the corresponding angle of 13° in the lateral 
and 8° in the anteroposterior view. 
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attached (Fig. 8) with a needle carrier to 
the platform and by introducing the needle 
fixed in the desired position, the pre-selected 
structure is reached. The depth is calcu- 
lated by deducting the distortion between 
the actual distance of the center of the two 
spheres and the same distance marked on 
the film. 

After testing this stereotaxic apparatus 
in experimental skulls and in cadavers, we 
have used it in 30 patients with excellent 
results as far as precision is concerned. 


SUMMARY AND CONCLUSIONS 


The roentgenologic principles of a new 
stereotaxic apparatus are formulated. The 
description of the apparatus is given, em- 
phasizing the importance of the roentgeno- 
graphic guide which fulfills three functions: 
(1) Keeps the position of the head in sucha 
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way that the zero line is always parallel to 
the film; (2) the zero line and the zero point 
are attained by tracing a line connecting 
and marking the distance of the center of 
the two spheres; and (3) calculation of the 
distortion is given by measuring the differ- 
ence between the actual distance of the 
center of the two spheres and the same dis- 
tance measurement on the films. 

University of Virginia 

Charlottesville, Virginia 
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THE NORMAL CERVICAL DISKOGRAM 


WITH CLINICAL OBSERVATIONS 
By GEORGE W. SMITH, M.D.* 


AUGUSTA, GEORGIA 


Lose technique of cervical diskography 
has been helpfully used by the author 
since 1952. It was described and reported in 
1957.”* Figure 1 shows the approach to the 
disk space. Once the needle is properly 
placed in the intervertebral space, approxi- 
mately .5 ml. to 1 ml. of 70 per cent dio- 
drast is injected. The clinical reaction as 
regards the production of pain, either 
radiating, localized or referred, is noted and 
anteroposterior, posteroanterior and lateral 
roentgenograms are taken. 

The roentgen appearance of the normal 
cervical intervertebral disk space injected 
with diodrast has not previously been dis- 
cussed; however, numerous observations 
have been made regarding the normal 
lumbar diskogram.! 

This report deals with the roentgen ap- 
pearance of the normal cervical diskogram 
and certain clinical observations that have 
been made during the procedure. Conclu- 
sions regarding the normal cervical disko- 
gram were somewhat difficult to draw since 
cervical diskography is performed of neces- 
sity only in those individuals of the twenty 
to seventy year age group who have signs 
and symptoms of cervical disk disease, usu- 
ally pointing to rupture or degeneration, 
and experience showed that it would be un- 
wise to formulate conclusions regarding the 
normal cervical disk and diskogram from 
this group of patients. Accordingly, it was 
necessary to go to a younger age group to 
look for the normal cervical disks. Inas- 
much as these younger individuals had no 
cervical disk disease which would afford op- 
portunities for cervical diskography, the 
next most reliable source of “normal cerv- 
ical disks” in the younger age group seemed 
to be those who came to autopsy. The cer- 
vical disks of such individuals were injected 


with 70 per cent diodrast immediately after 
death. Altogether 14 diskographies were 
performed, the ages ranging between three 
months and fifty-seven years and the total 
number of cervical spaces injected amount- 
ing to $2. 

The normal cervical diskogram has a dif- 
ferent appearance from that of, the normal 
lumbar diskogram. In the normal lumbar 
diskogram (Fig. 2) the centrally injected 
contrast medium assumes a_biloculated 
shape; one portion surrounds the nucleus 
pulposus and is contained within the cup- 
like annulus fibrosus. The contrast medium 
does not spread posteriorly to the vertebral 
bodies. Occasionally, it is located centrally 
within the annulus fibrosus without bilocu- 
lation, but this occurs in a questionable ab- 
normal disk. The normal cervical disk (Fig. 
3) does not exhibit biloculation but the 
opaque medium remains in the center of the 
disk asa single collection, without extruding 
beyond the bodies of the vertebrae. In re- 
viewing the cervical diskograms of the 
clinically injected cases, some intervertebral 
spaces were found, the roentgen appearance 
of which resembled that observed in the 
cadaver injected intervertebral spaces. 
Therefore, in subsequent studies an at- 
tempt was made to inject the intervertebral 
space suspected of being diseased and the 
intervertebral space above and below this 
level. In a group of over 150 cervical inter- 
vertebral spaces injected clinically, there 
were some intervertebral spaces that fell in- 
to the “‘normal range,” using the post- 
mortem injected intervertebral spaces as 
comparison. It should be stated, however, 
that in those patients who were examined 
for suspected cervical disk disease the in- 
cidence of multiple, degenerated cervical 
disks in the injected intervertebral spaces 


* Division of Neurological Surgery, The Medical College of Georgia, Augusta, Georgia. 
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NEEDLE | 


2. TUBERCULIN SYRINGE 


3. ANTERIOR LONGITUDINAL 
LIGAMENT 

INTERVERTEBRAL FIBRO- 
GARTILAGE 

5. BODY OF VERTEBRA 


6. STERNOCLEIDOMASTOID 
MUSCLE 


Fic. 1. Position of the head for cervical diskography. Circle insert A shows the needle touching the anterior 
longitudinal ligament to enter the disk space. The relationship of the needle to the disk space is shown in the 


lower insert B. 


was extremely high and much greater than 
had been anticipated. 

Certain pertinent observation were made 
at the time of the disk injection. One strik- 
ing observation was that injection was prac- 
tically impossible into the normal inter- 
vertebral space. This was also borne out by 
the postmortem studies in the younger in- 
dividuals. It was with extreme difficulty 
that these ‘‘normal spaces” could be in- 
jected with even such small amounts as .1 
to .2 ml. of medium. In an effort to evaluate 
the pressure that is required to inject such 
“normal intervertebral spaces,”’ a closed 


air manometer was placed in the circuit to 
measure the pounds of pressure necessary 
to drive in .1 or .2 ml. of 70 per cent dio- 
drast. This ranged from 88 to 123 pounds 
per square inch force. The magnitude of the 
mechanical force used gives the operator a 
clue as to whether or not the intervertebral 
disk space being injected is “‘normal.”’ If the 
injection is easily performed with a pres- 
sure of less than 40 pounds per square inch, 
one may conclude that the intervertebral 
space is not normal. Also, the pain is less 
when a nonpathologic than when a patho- 
logic intervertebral space is injected. 
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Fic. 2. Lumbar diskograms performed by the posterior-lateral approach. Note the 
biloculation of the medium centrally. 


In inserting the needle it was noted that 
when the needle made contact with and 
pierced the anterior longitudinal ligament 
(Fig. 14), the patient experienced referred 
suboccipital pain. Introduction of the 
needle within the intervertebral disk space 
produced no pain but, when the opaque 
medium was injected, pain ensued. Pos- 
terior cervical pain was experienced to a 
lesser degree in the “normal disk” cases. 
Referred pain in the interscapular area did 
not occur when a normal intervertebral 
space was being injected; this is in contrast 
to injection of the degenerated disk space. 
The higher the space injected, the higher 
was the location of the referred inter- 
scapular pain (approximately 3 cm.). The 
injected “normal” intervertebral space did 
not produce radiating pain into the shoulder 
and arm. 

Cervical diskography has the following 
disadvantages: (1) Information is not ob- 
tained regarding the spinal cord or the cere- 
brospinal fluid bathing the spinal cord. 
(2) There is a possibility of introducing an 


infectious process into a relatively avascu- 
lar area (this has not occurred in this clinic 
with either cervical or lumbar diskography) 
although the same can be said for any diag- 
nostic procedure in which the skin is punc- 
tured. (3) Since a high percentage of cervi- 
cal disks shows degeneration, a great num- 
ber of degenerative intervertebral disks are 
seen which may not produce spontaneous 
symptoms and thus may give a false roent- 
gen-positive information. 

The advantages of cervical diskography 
are: (1) Direct information regarding the 
disk and interspace, the point of pathologic 
change, is obtained. (2) The contrast medi- 
um is quickly absorbed and there is no ne- 
cessity for its removal. (3) Clinical informa- 
tion is obtained as regards the reproduction 
of cervical, suboccipital, radiating and re- 
ferred pain on injection of the abnormal in- 
tervertebral space. (4) Information can be 
obtained about the point of rupture of the 
annulus fibrosus and the direction of the ex- 
trusion (Fig. 4). (5) Definitive information 
can be obtained about the more laterally 
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herniated disks and the minimal midline 
herniations which fail to distort the dural 
sac. (6) There is no puncture of the men- 
inges or possible bloody contamination of 
the spinal fluid and there is no disturbance 
of the dynamics of the spinal fluid which in 
the occasional case might worsen the symp- 
toms. (7) The procedure can be employed 
on an out-patient basis. (8) Fluoroscopy 
and extensive radiation exposure is not re- 
quired. (9) With moderate experience the 
examination can be accomplished quickly 
(fifteen to twenty minutes). (10) The mor- 
bidity and pain that the patient suffers is 
short in duration, lasting approximately 
one to two minutes for each intervertebral 
space injected and this distress of the pa- 
tient can be used to good advantage clin- 
ically, since it is often a precise reduplica- 
tion of the type of pain which caused the 


Fic. 3. Normal cervical diskograms obtained on 
young postmortem cases. Note the centrally 
located single area of diodrast. 
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Fic. 4. Anteroposterior cervical diskogram showing 
lateral extrusion of contrast medium along the 
joint of Luschka and the neuroforamina at the 
third to fourth interspace. Surgical intervention 
confirmed the rupture with relief of symptoms. 


patient to seek medical attention. (11) This 
technique also permits the injection of a 
colored dye such as methylene blue into 
the disk space at the appropriate disease 
level to assist localization when subsequent 
surgery is desired. 


CONCLUSIONS 


If the differential diagnosis is obscure 
and intraspinal canal disease is suspected, 
cervical diskography should not be em- 
ployed. The procedure is more fruitful for 
the proper localization of the diseased in- 
tervertebral space producing cervical shoul- 
der, arm, and hand pain. 


SUMMARY 


The normal cervical diskogram differs 
from the normal lumbar diskogram. Rela- 
tively few normal cervical diskograms are 
obtained in individuals who have passed 
the age of twenty-five or thirty years. The 
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“normal intervertebral disk” is difficult to 
inject and will allow the injection of only a 
small amount of contrast medium. Pos- 
terior cervical pain is produced by increas- 
ing the intervertebral space mass with the 
injected material; this may be the result of 
mechanically stretching the longitudinal 
ligaments. The reproduced cervical shoul- 
der, arm, and hand pain is useful for clin- 
ical evaluation. There is no other morbid- 
ity. The advantages of cervical diskogra- 
phy are greater than the disadvantages. 
The referred interscapular pain can be re- 
produced and has a topographic reference 
to the cervical space level. Suboccipital re- 
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ferred pain can be reproduced by mechan- 
ical stimulation of the anterior longitudinal 
ligament. 


Eugene Talmadge Memorial Hospital 
Augusta, Georgia 
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BLOCK OF THE SPINAL CANAL CAUSED 
BY HERNIATED DISK* 


By BERTA M. RUBINSTEIN, M.D., WILHELM Z. STERN, M.D., and 
HAROLD G. JACOBSON, M.D. 


NEW YORK, NEW YORK 


N MYELOGRAPHY, with the demon- 
stration of incomplete or complete block 
to the passage of the contrast material, the 
diagnosis of a tumor is generally given early 
and paramount consideration. Other causes 
of block such as adhesive arachnoiditis, 
spinal cord varices, syringomyelia, tubercu- 
losis, fracture-dislocations and tumor-like 
swellings of the spinal cord in infectious or 
toxic myelitis are seen with varying degrees 
of frequency. Although a herniated nucleus 
pulposus is sometimes considered a causa- 
tive factor for incomplete block, the fre- 
quency of such an occurrence and the 
characteristic features that may enable 
such a diagnosis to be made are not sufh- 
ciently appreciated. It is the purpose of this 
paper to present 13 cases of herniated nu- 
cleus pulposus in the cervical and lumbar 
regions, which on myelography demon- 
strated features of block, usually simula- 
ting a tumor. 

The fact that a herniated disk may cause 
a spinal block was realized nearly thirty 
years ago. Dandy,! in 1929, reported 2 cases 
in which the spinal canal was completely 
blocked in the midlumbar region and a pre- 
operative diagnosis of tumor of the cauda 
equina or carcinoma of the vertebra was 
made. In both instances, a loose cartilage 
segment from an intervertebral disk, which 
Dandy has described as a fragment of disk 
becoming detached and bulging posteriorly 
into the spinal canal, was found at opera- 
tion. 

Love,* in 1944, discussed the differential 
diagnosis of intraspinal tumors and_ pro- 
truded intervertebral disks together with 
their surgical treatment. He emphasized 
the high protein value of the spinal fluid in 
tumors, as against the normal protein level 


in protruded intervertebral disks, but omit- 
ted any discussion of the differential roent- 
gen findings. 

Other articles by Peyton and Simmons,° 
Kennedy ef a/.,°> Kaplan and Umansky,' 
Paterson and Gray,’ Grantham and Spur- 
ling, and Uiberall et al. have appeared in 
the literature in the intervening years, up 
through 1957. None of these authors have 
made more than passing reference to the 
roentgenographic features of block caused 
by a herniated nucleus pulposus. 

Two classic articles, one by Epstein? in 
1949 and the other by Tucker® in 1956, 
have ably dealt with this subject. Epstein 
found a complete block due to herniated 
nucleus pulposus in 5 out of 150 lumbar 
myelograms, with the disks generally being 
seen in the midline at operation. He re- 
ported that myelograms demonstrated ir- 
regular dentate serrations at the end of the 
contrast column when the medium was in- 
stilled from above, and pointed out that 
the column was more irregular at the site 
of block when the opaque medium was in- 
stilled from below. Epstein stated that 
there was usually a pronounced neurologic 
syndrome, often indistinguishable clinically 
from that of a cauda equina tumor. Tucker 
found 75 instances of complete block in 196 
consecutive myelographies, for a rather 
startlingly high percentage of 38.8. Of these 
blocks, 2 in the cervical region and to in the 
lumbar area were due to herniated nucleus 
pulposus. Tucker did not attempt to differ- 
entiate the appearance of these blocks 
roentgenographically from those caused by 
tumors and other etiologic factors. 


CLINICAL MATERIAL 


We have collected 13 cases of herniated 


*From the Division of Diagnostic Radiology, Montefiore Hospital, New York, New York, and the Department of Radiology, 
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1012 Berta M. Rubinstein, Wilhelm Z 
nucleus pulposus or intervertebral disk 
protrusion causing block of the spinal canal 
in varying degree, as manifested in the 
myelogram. These cases have been com- 
piled from the files over the past ten years 
at Montefiore Hospital, with no attempt 
made to gather statistics as to the percent- 
age of block cases in relationship to the 
total number of myelographies performed 
during this period. 

Of these 13 cases, 10 were males and 3 
were females. The age incidence varied 
from twenty-eight years to seventy-three 
years, with involvement in the fourth and 
fifth decades being most common. All pa- 
tients were white (our hospital population 
is predominantly white). Table 1 lists the 
age, sex, pertinent clinical symptoms and 
neurologic abnormalities, the preliminary 
roentgen findings and the myelographic 
findings. The degree of block is indicated 
in the myelographic findings. The data re- 
lating to the spinal fluid, particularly the 
protein determination, spinal fluid pressure, 
and manometrics are also included where 
available. The operative findings are noted 
briefly in each case. 

In 5 cases, the block was complete, in 4 
cases almost complete and in 4 cases it was 
incomplete. In 3 cases the herniated nu- 
cleus pulposus causing the block was pres- 
ent in the cervical spine: in I occurring at 
the C4—Cs interspace and in 2 at the C5s—C6 
interspace. None was seen in the thoracic 
spine. In the remaining 10 cases, a herni- 
ated disk was found in the lumbar spine: 
five times at L4—Ls, twice at Ls—Sr and 
one time each at the Li—L2, L2-L3 and 
L3-L4 interspaces. The clinical symptoms 
and physical findings were not sufficiently 


characteristic to suggest the possibility of 


a block, complete or incomplete. In 3 in- 
stances, the spinal fluid findings were not 
available to us. In the remaining Io cases, 
the total protein was considerably elevated 
in 3 instances, 162 mg. per cent, 166 mg. 
per cent and 184 mg. per cent, respectively. 
In this connection Love states that a total 
protein value of over 100 mg. per cent gen- 
erally differentiates a tumor from a pro- 
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Kic. 1 Case 1. Pantopaque instilled from above out- 
lines a complete block at C4-Cs5, suggesting an 
intramedullary tumor. Intervertebral disk pro- 
trusion found at operation. 


truding disk in the case of block, with the 
high protein level indicating a tumor. This 
observation was not substantiated in the 3 
cases just mentioned (Cases 5, 7 and 8). 


ROENTGEN FINDINGS 


The findings on the preliminary roent- 
genograms were not significantly different 
from other instances of herniated nucleus 
pulposus. Usually the changes consisted of 
thinning of the disk cartilage at the site of 
disk protrusion, with secondary exostosis 
formation and reactive osteosis. 


MYELOGRAPHY 


Characteristic examples of complete and 
incomplete blocks of the pantopaque column 
due to herniated disk are shown in Figures 
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1 through 13. Figures 1 through 3 (Cases 1, 
3 and 5) demonstrate herniated disks in 
the cervical area with complete blocks. An 
intramedullary tumor is simulated in 
Figures 1 and 3. Figures 4 through 10 show 
herniated disks causing complete blocks in 
the lumbar spine (Cases 6, 7, 8 and 9g). 
Figures 11 through 13 are examples of in- 
complete block with large centric defects 
(Cases 12 and 13). In the cases of incom- 


Fic. 2. Case 3. Pantopaque instilled from below out. 
lines almost complete block at Cs—C6. Herniated 
disk protrusion found. 
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Fic. 3. Case 4. With pantopaque instilled from above, 
a block is shown at a point just below the L3-L4 
disk space. The protruding herniated nucleus was 
found operatively at L4-Ls. Note the irregular 
serrated margin at the lower surface of the panto- 
paque column. 


plete or almost complete block, a trickle of 
opaque medium passed either cephalad or 
caudad, depending on the site of instillation 
of the pantopaque and on the location of 
the herniated nucleus. A serrated margin at 
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Fic. 4. Case 5. Pantopaque instilled from below 
delineates what appears to be a block at C6—C7, 
suggesting an intramedullary tumor. Actually, the 
herniated nucleus was found at Cs—C6. This is 
an example of a case in which the actual disk was 
several centimeters removed from the site of 
the myelographic block. 


either the superior or inferior aspect of the 
pantopaque-filled canal could be seen (again 
depending on the direction of the flow) at 


the site of block. In cases of incomplete or 
almost complete block, the finding of an in- 
dentation on the anterior aspect of the 
pantopaque column on the lateral decubitus 
roentgenogram was helpful (Fig. 12). A 
large gap defect (Fig. 11 and 13) was noted, 
at times, between the serrated pantopaque 


Fic. 5. Case 6. Pantopaque moving caudally is 
blocked at L3-L4 because of the herniated disk. 
The inferior serrated margin is clearly defined. 
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margin and the rest of the opaque medium 
which had trickled past the site of obstruc- 
tion. In 4 cases (Cases 1, 4, 5 and g) the 
block was situated, respectively, 2.5, 2.5, 
2.3 and 2.0 cm. removed from the disk site, 
as seen on the myelogram (Fig. 1, 3, 4 and 
10). The reason for this finding is not clear 
but associated edema (cauda equina in the 
lower lumbar area and spinal cord in the 
cervical region) could be responsible, with 
migration of disk material also possible. 


Fic. 6. Case 7. Pantopaque instilled from above is 
blocked well above the Ls—S1 disk site. The her- 
niated nucleus was found at Ls—Sr at operation. 
The serrated inferior margin of the pantopaque 
column is clearly outlined. 


Spinal Canal Block Caused by Herniated Disk 
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Fic. 


7. Case 7. Lateral decubitus view of case in 
Figure 6. 


A tumor was simulated or considered in 
practically all of our 13 cases; however, a 
neoplastic resemblance was most marked 
in instances of complete or almost complete 
block (Cases 1, 2, 4, 5, 6,7, 8,9 and It). 

DISCUSSION 

Although intervertebral disk protrusion 
is not the most common cause of spinal 
block (12 out of 75 cases in Tucker’s series 
and 5 out of 150 cases in Epstein’s series), 
this entity occurs often enough for the 
radiologist and neurosurgeon to be alerted 
to its possibility. The diagnosis of a tumor 
is frequently entertained by the clinician 
and sometimes appears to be corroborated 
on the myelogram. Clinically, the diagnosis 
of a herniated disk should be considered in 
a case of complete or incomplete block (by 
myelography) when such block is demon- 
strated in a male patient in the lumbar 
region (or cervical area) with neurologic 
deficits usually localized to a small segment 
and with a slight to moderate elevation of 
the spinal fluid protein. In instances of an 
elevated spinal fluid protein and evidence 
of block on manometric study and on mye- 
lography, the differential diagnosis is not 
always easy. However, there are certain 
features that may indicate the correct an- 
swer. A serrated upper or lower border of 
the pantopaque column on myelography in 
a case of complete block (depending on the 
direction of flow) points to a herniated disk, 
particularly in the lower lumbar or lower 
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Fic. 8. Case 8. (4) Pantopaque instilled from below is blocked 2 cm. below the L1—L2 disk site. The herni- 
ated disk was found at L1—-L2. An hour-glass defect at L2—L3 could be another herniated nucleus, but this 
site was not operatively explored. Upper serrated border clearly seen. (B) Lateral plane. Upper serrated 
border clearly outlined. L4—Ls also not explored Gap defects are seen in lateral view. 
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Fic. 11. Case 12. With pantopaque instilled from 
above, a large gap defect is noted at L4-Ls, giving 
the appearance of an incomplete block. A serrated 
inferior margin is noted at the L4-L¢ site. A 
herniated disk was found at L4-Ls. ces 


Fic. 9. Case 9. Obstruction to pantopaque column 
after instillation from above isseen just below the 
L4-Ls disk site. The herniated disk was found at 
Ls-Si at operation. The serrated inferior margin 
is well outlined. 


Fic. 12. Case 12. A lateral decubitus view of case 
in Figure 11. Pantopaque coursing upward from 
below outlines the site of incomplete block just 


Fic. 10. Case 9. Lateral decubitus view of case in below L4-Ls with a protrusion on the anterior 
Figure 9, similarly showing the block well above aspect of the pantopaque column just below the 
the site of the herniated nucleus with the serrated site of the herniated disk. This is a characteristic 


lower margin. finding in the lateral decubitus reentgenogram. 


Fic. 13. Case 13. The pantopaque instilled from 
above is incompletely blocked at L4-Ls5 with a 
serrated lower margin. A protruding disk was 
found at L4-Ls. The large gap defect again simu- 
lates a cauda equina tumor. An hour-glass deform- 
ity at L3-L4 with disk cartilage thinning at this 
site may be due to a second herniated nucleus but 
this area was not explored. 


cervical region. In the case of an incomplete 
block in one of these areas, an anterior de- 
fect of the oil column in the lateral decubi- 
tus view at the site of block should suggest 
a protruding disk. 


Berta M. Rubinstein, Wilhelm Z. Stern and Harold G. Jacobson 
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SUMMARY AND CONCLUSION 


Thirteen cases of complete, almost com- 
plete or incomplete block caused by inter- 
vertebral disk protrusion are presented. A 
summary of the age, sex, symptoms, neuro- 
logic abnormalities, preliminary roentgen 
findings, myelographic findings, spinal fluid 
determinations and operative results is 
given in tabular form. 

The characteristic features of a herniated 
disk, which blocks the spinal canal and sim- 
ulates a tumcr, are stressed. 


Harold G. Jacobson, M.D. 
Montefiore Hospital 
210th St. & Bainbridge Avenue 
New York 67, New York 
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EXTENSIVE LUMBAR MENINGOCELE ASSOCIATED 
WITH NEUROFIBROMATOSIS* 


By BILLY P. SAMMONS, LT. (MC), USN, azd DONALD F. THOMAS, LT. (MC), USN 


ST. ALBANS, LONG ISLAND, NEW YORK 


HE first case of intrathoracic menin- 

gocele associated with neurofibroma- 
tosis was described by Pohl” in 1933. 
Twenty-eight cases of this abnormality 
were reported subsequently, but none was 
observed in the lumbar spine and _pri- 
marily intravertebral in location. This case 
of lumbar meningocele associated with 
neurofibromatosis supports the concept 
that meningoceles are embryologic mesen- 
chymal defects. 


REPORT OF A CASE 


R. E. C., a twenty-seven year old Caucasian 
male sailor, was admitted to the St. Albans 
Naval Hospital on February 1, 1958, complain- 
ing of low back pain of ten days’ duration. He 
did not remember any previous episodes of 
lumbosacral pain and as a boatswain’s mate had 
performed strenuous physical tasks for the past 
six years. There was no history of any familial 
disease. Four siblings were living and well. 
Physical examination revealed numerous fine 
cutaneous nodules and small pigmented areas. 
Several 1 to 2 cm. soft nodules (molluscum 
fibrosum) were noted on the trunk and forehead 
(Fig. 1). The neurologic examination was within 
normal limits as was the remainder of the 
physical examination. Hemogram, urinalysis, 
and spinal fluid chemistries and pressures were 
normal. Roentgenograms (Fig. 2 and 3) of the 
lumbosacral spine revealed deep scalloping of 
the posterior portion of the vertebral bodies of 
T-10 through L-4 and marked thinning of the 
pedicles throughout this area. A diagnosis of 
lumbar meningocele was made. Pantopaque 
myelography (Fig. 4) confirmed the diagnosis. 
Several small meningocele sacs were demon- 
strated protruding through the intervertebral 
foramina. An intravenous pyelogram revealed 
lateral displacement and scalloping of the right 
ureter below the renal pelvis (Fig. 5). The right 
ureter near the pelvic brim was displaced 


medially and small bowel studies also suggested 
a mass in this region (Fig. 6). These defects 
probably represented neurofibromatous masses. 
A barium enema examination was negative. 
After extensive consultation the neurosurgical 
group decided against surgery at this time since 
the patient was now asymptomatic. A back 
brace was ordered. 


Comment. Potential hazards consist of 
(1) possible further compression fracture of 
the weakened vertebra, (2) enlargement 
and rupture of the meningoceles with sud- 
den decrease in intraspinal pressure, late 
infection and meningitis, (3) herniation of 
the meninges into the retroperitoneal space 


+ 


Fic. 1. The entire body is covered with fine cu- 
taneous nodules and café au lait spots. Note the 
I cm. in diameter soft nodule adjacent to the 
xiphoid. 


* From the Departments of Radiology and Surgery, United States Naval Hospital, St. Albans, Long Island, New York. The opinions 
expressed herein are those of the authors and do not necessarily represent the views of the Bureau of Medicine and Surgery, Navy 


Department. 
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Fic. 2. Anteroposterior roentgenogram of the lum- 
bosacral spine reveals severely eroded pedicles of 
the lower thoracic and upper lumbar regions. 
There is a minimal compression fracture of the 


body of L-2. 


Fic. 3. Lateral roentgenogram of the lower thoracic 
and lumbar spine demonstrates deep concave 
erosions of the vertebral bodies with very little 
effect on the resilient intervertebral disk. Partial 
collapse and anterior displacement of the second 
lumbar vertebral body have occurred. 


resulting in pressure symptoms, and (4) 
sarcomatous change to which deep and 
visceral neurofibromas are prone; this has 
been a frequent cause of death in von Reck- The normal development of the spinal 
linghausen’s disease.' cord occurs from neural, mesodermal, and 


DISCUSSION 


‘ 


Fic. 4. Myelograms demonstrate herniation of the meninges outside the confines of the vertebral canal. The 
horizontal lateral myelogram shows the concavities of the vertebrae to be occupied by pantopaque filled 


meninges. 


cutaneous derivatives of the embryonal 
tissues in the dorsal median region of the 
embryo. This consists of the closure of the 
ectodermal neural tube during the third 


week of embryonic life and closure of the 
first cervical to fourth sacral vertebral 
arches during the eleventh week. The 
meninges, vertebral arches, and sheaths of 
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Fic. 5. An intravenous pyelogram discloses scallop- 
ing in the upper third of the right ureter probably 
due to retroperitoneal neurofibromata. 


peripheral nerves arise from the mesen- 
chyme. 

Keiller® has divided closure defects into 
(1) gross mesoblastic, (2) primarily meso- 
blastic but having an ectodermal compo- 
nent, and (3) primarily ectodermal with 
contributing mesodermal defects. Lichten- 
stein! prepared a similar classification list- 
ing a mesodermal embryologic origin for 
dural defects. The etiology of these defects 
occurring in early intrauterine life is un- 
known, but the occurrence of meningocele 
with neurofibromatosis is of importance. 
Neurofibromas and neurofibromatosis are 
known to arise from the connective tissues 
of the perineurium (mesenchymal). 

There are three basic groups of defects: 
(1) The most benign, the meningocele, rep- 
resents a mesodermal defect affecting pri- 
marily the dura which then herniates with 
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the arachnoid membrane through inter. 
vertebral foramina or bony defects. There 
may be no herniation of the apparently 
normal meninges in mesodermal defects 
attecting only the vertebral body or neural 
arch (spina bifida occulta). (2) With com- 
plete closure of the neural tube, except for 
a small area which is adherent to a portion 
of the sac, a meningomyelocele results. 
This defect is primarily ectodermal ac- 
companied by secondary mesodermal ab- 
normalities. (3) The most serious develop- 
mental defect is complete rachischisis 
(araphia) resulting from failure of closure 
of the neural tube with the imperfect cord 
lying exposed on the back of the newborn, 

Several explanations of the vertebral 
deformities associated with meningoceles 
have been advanced: (1) periosteal neuro- 
fibromas!’ (only excess osteoid tissue has 
been found on microscopic section of verte- 


Fic. 6. Small bowel study shows a persistent ex- 
trinsic pressure defect on the ileum. This prob- 
ably is due to visceral neurofibromata. 
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brae),° (2) imbalance of the autonomic 
nervous system producing endarteritis in 
the abnormal vertebrae," (3) primary dural 
defects,?**'7 and (4) multiple congenital 
mesodermal anomalies.'?:!?:'4 That the basic 
defect is weakness of the meninges, espe- 
cially the dura, is supported by the follow- 
ing observations: (1) Many intrathoracic 
meningoceles are associated with another 
mesenchymal defect, neurofibromatosis, 
and (2) they produce an effect on the 
vertebral column resembling that of aortic 
aneurysm. In both aneurysms and menin- 
goceles the abnormal vessel wall or meninges 
allow the normal pulsations to erode the 
hard vertebral body, sparing the resilient 
intervertebral disk. The marked fluctua- 
tions in spinal fluid pressure are well 
known. 

The familial trend was demonstrate 
when a questionnaire’ revealed fifty-six 
times the incidence of the general popula- 
tion for families in which a meningocele, 
myelomeningocele or encephalocele had 
already occurred. It was also noted that the 
incidence of any deformity in families with 
these malformations was thirty-seven times 
the incidence of the general population. 
The usual incidence of meningocele, myelo- 
meningocele, and encephalocele is about 1 
in 1,000 births. Three quarters of these are 
myelomeningoceles. Females outnumber 
males 1.6 to 1 and 20-30 per cent of all 
patients are unhampered by their anomaly. 


SUMMARY 


The first case of a lumbar meningocele 
associated with neurofibromatosis is  re- 
ported. A mesodermal origin for this com- 
bination has been suggested by the occur- 
rence of thoracic meningoceles with neuro- 
fibromatosis. This case further supports 
the concept of a lack of specificity for the 
thoracic spine. 


Billy P. Sammons, Lt. MC 
Radiology Department 
United States Naval Hospital 
Pensacola, Florida 
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X-IRRADIATION EXENCEPHALY* 


By ROBERTS RUGH, Pu.D., and ERICA GRUPP 
Radiological Research Laboratory, Columbia University 
NEW YORK, NEW YORK 


ERATOLOGIES (congenital anoma- 
lies) can be produced only by insult of 
the developing embryo or fetus at certain 
critical stages, prior to the development of 
the organs concerned. Anomalies of every 
organ system may occur, such as of the 
brain, skeleton, circulation, heart, kidneys, 
muscles, etc., and they may be caused by a 
variety of agents injected into the pregnant 
animal (see discussion) or by penetrating 
ionizing radiations. Some of these chemical 
agents have been designated as ‘“‘radio- 
mimetic drugs” because they elicit from 
the embryo reactions which appear to be 
similar to those following exposure to ioniz- 
ing radiations. This simply means that the 
embryo is a highly reactive system, re- 
sponding by anomalous development to an 
insult, whether it be chemical or physical. 
The common denominator, therefore, is the 
embryo and not the irritant. This state- 
ment is based upon the assumption that 
the anomalies are in fact identical, whether 
caused by trypan blue or by roentgen rays. 
Such an assumption seems reasonable. 
Since intravenously or intraperitoneally 
injected drugs may diffuse or be carried by 
the circulation throughout the body and 
pass through the placenta to the embryo or 
fetus, the dose delivered to the embryo or 
to its immediate environment may not be 
easily determined. In the case of high en- 
ergy ionizing radiations, it can be assumed 
that ionizations probably occur rather uni- 
formly throughout the body of the preg- 
nant animal and its gravid uterus. Any 
differences in response within a litter must 
be attributable to intrinsic differences be- 
tween the litter members, due either to 
hereditary (genic) or to ontogenetic (de- 
velopmental) variations. 
In order to study the etiology of teratol- 
ogies, it was decided to concentrate upon 
one major anomaly, namely exencephalia, 


which is prominent and clear cut. This, 
anomaly is also known as cerebral hernia, 
pseudencephalia, ‘“Extrakranieller Dysen- 
cephalia,” “ice pack brain,” or simply her- 
niated brain in which identifiable brain tis- 
sue protrudes from the dorsum of the skull. 
Exencephalia is not unknown among hu- 
man births (about 1/4,000) but the more 
extensive anomaly of anencephalia (ab- 
sence of brain) seems to be more common 
(1 /1,000). 

In this study exencephalia will be pro- 
duced either by roentgen irradiation of the 
mature spermatozoon of the mouse, or di- 
rectly by exposing the developing embryo 
of the mouse to penetrating roentgen rays. 


MATERIALS AND METHOD 


This study was made from two distinct 
approaches. The first dealt with roentgen 
irradiation of the mature spermatozoon of 
the mouse in an attempt to produce a par- 
thenogenetic mammalian embryo. The sec- 
ond was a study of the direct effects of 
penetrating roentgen rays on the develop- 
ing mouse embryo at different stages of 
gestation. Since roentgen irradiation of the 
mature sperm or the developing embryo 
produced the same major teratology, 
namely exencephaly, these studies were 
combined. 

In concentrating on exencephalia (cere- 
bral hernias) there is no suggestion of by- 
passing as unrelated or unimportant a 
large variety of central nervous system and 
other anomalies which appear. Rather, it 
was felt that by concentrating on this spe- 
cific anomaly, which is easily recognized and 
severe enough to kill the offspring, we 
would study the mechanism of teratogene- 
sis in general. By dissecting the pregnant 
female on day 17.5 the fetuses were ex- 
amined while still alive. 

Preliminary studies on some 630 CF1X 


* Based on work performed under Contract AT-30-1-GEN-7o for the Atomic Energy Commission. 
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TABLE I 


MALFORMATIONS AMONG NORMAL OFFSPRING 


CkiXCFI mice 


Pregnancies examined at days 15.5 to 
18.5 61 
Total number of embryos examined 630 
Total number grossly normal embryos s91 (94%) 
Total number of malformed (dead) em- 


bryos) 2 (0.3%) 
Total number of resorptions 37 (5.7%) 
Total number of exencephalic embryos fo) 


CFi implantations at 15.5 to 18.5 days 
were made to determine the normal inci- 
dence, if any, of this anomaly. Table 1 
shows that only 5.7 per cent dead embryos 
were found and no exencephalies. 


ROENTGEN IRRADIATION OF THE 
MATURE SPERMATOZOON 

In 1939, it was shown that if frog sperm 
were irradiated with roentgen rays to 
100,000 r or more and then used to ferti- 
lize eggs, the offspring were haploids and 
therefore the spermatozoa functioned only 
as parthenogenetic, stimulating agents for 
fertilization, making no genetic contribu- 
tion to the egg or offspring. It is theoreti- 
cally conceivable that the mammalian 
spermatozoon, similarly irradiated, might 
initiate development in the mammalian egg 
but make no genetic contribution, hence 
producing a parthenogenetic individual 
with half the requisite number of chromo- 
somes and genetic factors. On this assump- 
tion, the following experiments were per- 
formed. 

C57 black male mice, which have black 
coat color that is dominant over the white 
coat color of the CFr mice in F, hybrids, 
were anesthetized with nembutal and 
shielded with } inch of lead except for the 
scrotal testes. The testes were exposed to 
roentgen rays through a 16 mm. diameter 
aperture in lead at 19.5 cm. target distance, 
air dose 730 r/minute without filtration. 
The factors were 184 kv. peak and 30 ma. 
and the maximum time for exposure 
(60,000 r) was about 85 minutes. Exposures 
ranged from 10,000 r to 60,000 r and the 
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mice were returned to their boxes to allow 
complete recovery. 

CF1 female mice were examined by the 
vaginal smear method to select those which 
were in estrus, to supply the testes-irradi- 
ated males. As soon as the males recovered 
from anesthesia, they were placed each 
with six selected females in a single cage. 
On succeeding days these males were placed 
with other females selected for copulatory 
receptivity, so that each male had maxi- 
mum opportunity for impregnating an ap- 
propriate female. Some of these males sur- 
vived from 10 to 20 days after testes ir- 
radiation, during which matings were 
achieved and pregnancies followed. While 
all offspring appeared normal, there was a 
drop in litter size with exposures above 
40,000 r but even at 60,000 r two litters of 8 
offspring were produced. In connection with 
the possible parthenogenesis following testis 
irradiation, there was no evidence that the 
spermatozoa were in any way affected by 
the irradiation, either in motility or ferti- 
lizing power. All F, hybrids were dominant- 
black. Had the spermatozoa been so dam- 
aged by irradiation that they contributed 
no mutants to the zygotes, the offspring 
would have been white (like the mothers) if 
they survived at all as haploids. It is, of 
course, possible that some embryos were 
resorbed in the uteri but those which were 
delivered appeared perfectly normal, and 
all proved to be diploid (with regard to coat 
color) and fertile when mature. 

When the F, hybrids were brother-sister 
mated to provide an F, generation, there 
was the usual black, brown, and white off- 
spring, indicating independent assortment. 
Since interest at this time was directed to- 
ward embryonic anomalies (teratologies), 
some 73 mouse fetuses at 18 days gestation 
were removed and examined. None showed 
any gross anomaly. 

The F, hybrids were then out-crossed to 
pure CF1 white stock in both directions, re- 
sulting 1 in some 145 pregnancies of 1,292 off- 
spring which were examined prior to the 
time of delivery, on day 18. This is the usual 
routine because the female mouse will eat 
any abnormal mice at birth. Of the 1,2 
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TABLE I] 


GENETIC EFFECTS: HERNIATED BRAIN PRODUCTION 


Total Dose to C57 Males oe 
Preg./ Fetuses 


10,000 r 2/0 
7/49 
50,000 r 3/16 
60,000 r 2/8 


offspring, representing an average litter size 
of 8.9, a total of only 5 (0.39 per cent) were 
found to have developed exencephalia or 
cerebral hernias (Table 11). Figure 1 (Plate 
1) shows the position of the litter members 
within the uterus and the single pronounced 
case of exencephaly in position R¢5 (right 
side, fifth embryo from vagina). Note also 
varying degrees of brain bulging from the 
dorsum of the skull. The pigmented eyes 
identify the potentially black mice, so that 
these brain anomalies are seen to occur in 
both black and white strains. In Figure 2 
note the range of size and gross anomalies 
in the second generation from a black male 
who had received high level roentgen-ray 


Exencephalies 


Exencephalies 
Preg./ Fetuses 


fo) 32/219 2 
74/714 3 
33/ 393 
fe) 6/56 


exposure to the testes. This is to point up 
the fact that, while exencephalia is the 
anomaly of special interest here, numerous 
other anomalies will develop from roentgen- 
ray mutational effects. Figure 3 shows a 
very prominent “ice pack”’ type of brain 
protrusion. All of these were produced by 
roentgen irradiation altered genetic factors 
rather than by direct roentgen irradiation 
of the embryo or fetus. 


ROENTGEN IRRADIATION OF THE DEVELOPING 
MOUSE EMBRYO 
The CF1 mice were time-mated (5 P.M. 
to 9 A.M.) so that the pregnancies could be 
accurate to within several hours. Females 


Fic. 1. Second generation from male C57 black mouse which had received 40,125 r to the testes, mated to 
normal CF 1 female mouse, and hybrid I; mated to normal white CII to produce this litter. Note four 
embryos with dark eyes (dominant black corollary) and evidence of brain anomalies in positions 14, R1, 
2, § with Rs being a single pronounced case of exencephaly. Anomalies in both black and white offspring, 
and to varying degrees within the single litter. Genetic origin following roentgen irradiation of spermatozoa, 


but not appearing until second generation. 


Fic. 2. Another litter, similarly produced as in Figure 1, showing the range of size and other anomalies due 
to purely genetic factors imposed upon the grandfather. 

Fic. 3. Members of another litter, produced as in Figures 1 and 2, but showing only three members, two of 
which appear normal, but the third with a pronounced “ice pack” type of exencephalia. No evidence of 


excess neural development. 


Fic. 4. Sagittal section of normal mouse embryo at 7.5 days showing large mass of embryonic ectoderm (to 
right) with active mitotic figures. Period of hypersensitivity of presumptive central nervous system due to 


abundance of neuroblasts. 


Fic. 5. Transverse section of same stage (7.5 days) showing elongated presumptive central nervous sytem as 
thickened mass of ectoderm with primitive streak to right, and head fold to the left. Membrane across 
field is amnion, above it the exocoelom and below it the amniotic cavity which in 18 day exencephalies 1s 
filled with blood. The ectoderm is the most abundant and active of the germ layers at this time. 

Fic. 6. Transverse section through the embryonic neural folds at the level of the foregut, therefore presump- 
tive mid-brain of the 8.5 day mouse embryo. Neural ectoderm is still the most definite and active of the 


germ layers. 


Fic. 7. Enlarged view of section taken from Figure 6 showing mitotic figures and neuroblasts of the neurecto- 
derm (presumptive central nervous system) at 8.5 days. Radiation insult or treatment with radiomimetic 
drugs at this time results in exencephalies and failure of the neural folds to close. 
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Taste III 
PERCENTAGE EXENCEPHALY FOLLOWING FETAL ROENTGEN IRRADIATION 
Roentgen Fetal Age: Days 
Exposure 6.5 ‘i 7.6 8 8.5 9 9-5 10 
25r 0/23 0/24 0/26 0/25 0/26 0/29 0/25 
gor 0/71 0/23 1/25 (4%) 2/38 (5%) 2/51 (4%) 0/19 
100 r 0/31 0/81 0/38 0/20 0/45 1/29 (3%) 1/11 (9%) - 
Igor 0/20 0/31 2/36 (6%) 3/30 (10%) 7/32 (21%) 9/29 (31%) 0/19 
200 r 4/82(5%)  2/27(7-4%) 3 863.5 %) 7/26(26%)  37/164(23%) 2/26(12%) 
25or 1/24 (4% 0/24 0/7 
300 r 1/13 (8%) — 0/9 0/9 


Formula= Exencephalies /Total number embryos 
Total 142 pregnancies= 1,261 offspring examined. 
Average litter size=8.1. 


with vaginal plugs at 9 A.M. were removed 
from the mating boxes and marked for em- 
bryonic or fetal roentgen irradiation at 
specified times. 

The irradiation facilities consisted of a 
single roentgen-ray tube at 36 cm. target 
distance from the gravid uteri, giving 100 
r/min. air dose. The kv. peak was 184 and 
the tube was kept at 30 ma. The distance 
was greater than necessary, but was chosen 
in order to deliver a more uniform exposure 
to the embryos within the uteri. 

Pregnant mice were irradiated, some at 
6.5 days and others at various half day in- 
crements to 10 days. This covered the span 
of anticipated effects based upon some 
previous reports. A total of 142 pregnancies 
was studied, which had been exposed at 
one time between 6.5 and 10.0 days and to 
doses ranging from 25 to 300 r. The total 
number of embryos examined at 18 days 
was 1,261; hence the over-all litter average 
was 8.1. The data are shown in Table 11. It 
can be seen that 25 r produced no cerebral 
hernias, but 50 r did produce 5 per cent such 
anomalies when the roentgen irradiation 
occurred on day 8. As the exposure level 
was increased, there was increased inci- 
dence of exencephalia so that following 200 
r some cases appeared when irradiation 
occurred at any time from day 6.5 to day 
9.0. The highest incidence of exencephaly 
(31 per cent) was observed when the 9.0 day 
mouse embryo was exposed to 150 r roent- 
gen rays, but 8 days was a close second. In 
general, it appears that days 7.5 to 9.0 are 
the most radiosensitive with respect to this 


anomaly, but that this range can be ex- 
tended from 6.5 to 9.0 days by increasing 
the exposure level. By 10 days the embryo 
has gone too far in development to be able 
to react in this particular manner so that 
even 300 r did not cause exencephaly. 
When a gross anomaly, such as exen- 
cephalia, occurs within a litter, one always 
raises the question as to whether it might be 
the result of inadequate blood supply, an- 
oxia due to crowding, or other transient 
embryologic conditions (see discussion be- 
low). For that reason further data are here 
presented with respect to the position with- 
in each litter of this particular anomaly, to 
determine whether position in the uterus or 
relation to other fetuses might have a causal 
relation apart from the roentgen irradia- 
tion. Table 1v gives these data. The position 
of the exencephalia is designated by num- 
ber from the lowest fetus, number 1, to the 
highest in the uterus, which might be num- 
ber 8. The left and the right horns of the 
uterus are similarly designated, being the 
left and right sides of the mouse. Thus we 
present in this table the exact position of 
the appearance of the anomaly in each litter. 
It will be noted that in the 24 pregnancies 
listed, the number of fetuses on the right 
was 103 and on the left 119, not signifi- 
cantly different. Further, some 18.4 per 
cent of those on the right side were exen- 
cephalic while 23.5 per cent on the left side 
were similarly abnormal. This, too, is not 
very different, so that we cannot attribute 
this anomaly to the uterine horn in which 
the embryo is implanted. A further study of 
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TABLE IV 


POSITION AND FREQUENCY OF EXENCEPHALY 
IN MOUSE LITTERS AT I8 DAYS 


Right Uterine Horn Left Uterine Horn 


Total Position Day Dose 
No. Em- of Exen- 
bryos cephaly 


Position Total 
of Exen- No. 
cephaly Em- 


bryos 
7 _— 6.5 200r 3 4 
5 I 6.§ 250r 5 
6.5 300r 2 2 
6 4 7.0 200r - 4 
6 — 7.0 200Fr 2 
5 2 7 
8 — 3 5 
5 7-5 Igor 3 
2 — .7.§ 20or 7 7 
2 — 8.0 sor 8 8 
7 I 8.0 $o0r — 
2 8 8 
5,6 8.0 2 2 
3 8.0 200F 6 
— 8.0 200r 
3 2 8.0 200rFr I 6 
5 1,2,4,5 8.5 I50r 3,4,6 6 
4 4 8.5 200Fr 2 3 
7 2,5,6,7 8.5 2oor 4 4 
4 g.0 100r 3 4 
3 g.0 6 6 
3 g.0 6 7 
3 2,3 9-90 1§0r  1,3,4 5 
4 200f 1,6 6 
Summary: 
Total pregnancies= 24. 
Total fetuses on left side= 119 (av.= 5). 


Total fetuses on right side= 103 (av.= 4.5). 
Average position exencephaly: Left side= position 3.5 (range 
pos. 1-8; right side= position 3.0 (range pos. 1-7). 
Conclusion: Neither position in the litter nor side of uterus 
favored exencephaly. 


the position of each anomaly within its 
uterine horn shows that it may occur at any 
position whatsoever. If one tries to deter- 
mine the average position, it comes out that 
it is 3.5 for the left side and 3.0 for the right 
horn which simply means that its location 
may be at any level of the litter. Exen- 
cephaly, then, when occurring in litters ex- 
posed to penetrating ionizing radiations 
may occur in one member of a small (2) 
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litter or five members of a litter of 11 (200 r 
at 8.5 days). The position in the uterus or 
in the litter has no bearing on the incidence 
of exencephaly. 

Since it appears that mice at days 8.0, 
8.5 and g.0 are the most likely to react to 
roentgen irradiation by developing exen- 
cephalia, a study was made of the state of 
development of the embryonic nervous sys- 
tem on these days. Figure 4 is a sagittal sec- 
tion of a 7.5 day mouse embryo showing the 
most prominent mass of embryonic cells to 
be presumptive neural ectoderm in active 
mitosis. In a transverse section (Fig. 5) the 
long axis of the developing central nervous 
system can be seen, terminating to the left 
in the head fold around the earliest indica- 
tion of the foregut. The primitive streak is 
to the right, continuous with the head proc- 
ess. Some 24 hours later, a section through 
the central nervous system at the level of 
the foregut (Fig. 6) shows normal, thicken- 
ing, active neural folds with many mitotic 
figures (Fig. 7). It appears that the pre- 
sumptive neural ectoderm, as in all verte- 
brates at this stage, is most active in 
organization and it is believed that the 
cells of this ectodermal layer are a mixture 
of neurectoderm and early neuroblasts. 

Plate V encompasses the histologic and 
cytologic changes that follow roentgen ir- 
radiation at 7.5 days fetal age in the mouse. 
Figures 21-23 were taken 4 hours after 
roentgen irradiation and show almost im- 
mediate damage to the cellular integrity of 
the neural ectoderm. In all three views 
some loose cells may be seen within the 
amniotic cavity, having been discarded 
from the neural ectoderm. There are many 
dense, pyknotic nuclei and in the highest 
magnification (Fig. 23) hardly an intact, 
normal cell can be found. Figures 24-26 
show the same series 24 hours after expo- 
sure, illustrating the attempt on the part of 
the embryo to maintain topographic in- 
tegrity, clean up the cellular debris, and 
continue by mitosis to develop neural 
tissue. Some few mitotic figures are seen in 
Figure 25, among many badly damaged 
cells. In Figure 26 some rather normal cells 
are seen (after 24 hours), but there remain 
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Priate II 


Fic. 8. Transverse section through the brain level of mouse embryo at 18 days, following exposure to 200 r 
roentgen rays at 7.5 days. Note apparently normal eyes, but much compressed cerebral vesicles and pro- 
truding brain. 

Fic. 9. Mouse embryo at 18 days showing conditicn illustrated in Figures 8 and 1o. 

Fic. 10. Transverse sections through telocoele (more anteriorly than in Figure 8) but showing pyknotic and 
necrotic brain tissue and extensive protuberance above developing cranium. Brain vesicles almost obliter- 
ated. 

Fic. 11. Lowest exposure of 50 r at 7.5 days which produced gross brain anomalies. One exencephaly at 
position R2. No other gross effects, not even size variations. No study was made of histologic or cytologic 
effects on brains of otherwise normal appearing embryos. 

Fic, 12. Enlarged view of exencephaly produced by roentgen irradiation of the embryo on day 7.5. Note 

rather normal eye and facial contour, but gross protrusion of brain largely from the level of the mid-brain. 
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many pyknotic chromatin masses. Finally, 
if an embryo is examined 48 hours after 
such an irradiation insult (Fig. 27-29), it 
will be seen that the embryo appears rather 
undamaged, although (Fig. 27) the inner 
margins of neural ectoderm may be in- 
distinct. The brain at the level of the otic 
vesicles (Fig. 28) fails to close, and this 
failure to close may extend to the neural 
tube (Fig. 29) even though the neural ecto- 
derm appears quite normal and has many 
mitotic figures. Thus, we see that cellular 
damage is immediate, severe, and extensive, 
but that the embryo is able to clear away 
the debris (phagocytosis?) and continue its 
development toward a topographic whole. 
However, two things must be emphasized 
here: First, there is actual cell loss due to 
roentgen irradiation and, second, there is 
failure of the tube to close above either the 
brain or the cord. 

A similar study was made of an 8.5 day 
embryo exposed to 200 r roentgen rays, and 
examined at 4, 24, and 48 hours thereafter. 
The results are presented in Plate v1. Figures 
30-32 were taken at 4 hours showing exten- 
sive destruction of presumptive neural 
ectoderm; Figures 33-36 show the state of 
damage and repair at 24 hours; and Figure 
37 shows a section through the brain of a 
10. day embryo (exposed at 8.5 days) 
which is entirely open dorsally. The pre- 
sumptive brain ectoderm is interrupted in 
various regions, showing incomplete repair. 
Such a series illustrates the influence of the 
“organism as a whole” to maintain its topo- 
graphic integrity in the face of severe de- 
struction and loss of its building compo- 
nents. 

Plate 11 shows mouse embryos which had 
been irradiated at 7.5 days. The litter found 
in the uteri (Fig. 11) showed only one case 
of exencephaly resulting from a 50 r expo- 
sure, in position R2. The balance of the 
litter appears to be normal. Figures g and 
12 show embryos at 18 days with this 
anomaly, following 200 r at 7.5 days, and 
Figures 8 and 10 show sections of such em- 
bryos at the level of the brain, at 18 days of 
fetal age. Note in these sections the disor- 
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ganization of the fetal brain and its vesicles, 
and the protrusion of brain through what 
would normally develop as the skull roof. 
The eyes and other ventral head structures 
appear rather normal. 

Plate m1 (Fig. 13 and 15) illustrates the 
occurrence not only of exencephalia (posi- 
tion Lr) following 50 r on day 8, but also a 
much stunted embryo at position L6. When 
the dose at 8.5 days is increased to 200 r, 
such anomalies were found in § out of 11 
members of a litter, in both uterine horns 
(Fig. 14). Figure 16 shows a rather normal 
embryo except for the one anomaly of 
exencephalia. The gross effects appear to 
be exclusively cephalic. 

If the embryo is irradiated at later stages, 
i.e., 9 days or later (Plate 1v), there is still 
some exencephalia (Fig. 17) but it appears 
to be less pronounced in the individual 
(Fig. 18) litter member, due in all probabil- 
ity to some success in closing of the neural 
tube and overgrowth of the presumptive 
skull roof. Nevertheless, cerebral anomalies 
are in evidence, and stunted embryos can 
be produced (L2). Severe anomalies of the 
entire anterior end may ensue from a 200 r 
insult at 9 days (Fig. 19 and 20), involving 
not only the brain and exencephalia, but 
also including the face and lower jaws. By 
g days the embryo has developed too far to 
react by anencephalic changes, but the en- 
tire anterior end can be disorganized, re- 
sulting in this grotesque type of develop- 
ment which is limited to the cephalic struc- 
tures. 

Roentgen irradiation, then, can cause 
exencephaly either through the production 
of chromosomal translocations which may 
express themselves in this manner as early 
as the second generation or this anomaly 
can be produced by direct effect on the 
organ primordia of the central nervous sys- 
tem of the embryo. 


DISCUSSION 
In this section we will discuss the follow- 
ing: 
A. Genetic effects relating to central 
nervous system anomalies 
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B. Ionizing radiations and the adult cen- 
tral nervous system 
1. Histologic effects 
2. Behavioral changes 
3. Electroencephalographic effects 
C. Ionizing radiations and the human 
embryonic central nervous system 
D. The production of animal central 
nervous system teratologies 
1. By chemical (drug) means 
2. By embryonic roentgen irradia- 
tion 
E. Speculations as to the causative fac- 
tors 
1. Significance of exencephaly 
2. Ionizing radiations and 
embryo. 


the 


A. GENETIC EFFECTS RELATING TO CENTRAL 
NERVOUS SYSTEM ANOMALIES 

The genetic cause of cerebral hernias has 
been known for some time,!!*"° it being 
suggested that the effect was due to the 
translocation of chromosomal material. It 
is difficult to ascribe to any roentgen irra- 
diated spermatozoon a mutational change 
which would bring about such a specific 
anomaly in the second generation, but it is 
not difficult to believe that roentgen irra- 
diation of the mature spermatozoon could 
bring about a whole gamut of mutational 
changes which could include this anomaly. 
It is within the realm of experience in ex- 
perimental embryology that chromosomal 
effects can so interfere with the processes 
of gastrulation that the anterior end of the 
resultant embryo is distorted to the extent 
of either exencephaly (brain protrusion) or 
anencephaly (absence of brain). There is 
currently a study in progress showing that 
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even 50 r to the 32 cell blastula stage can 
also produce exencephalic fetuses in the 
mouse (Rugh and Grupp—in press), prob- 
ably also a result of interference with the 
normal processes of gastrulation. Thus, we 
find what the geneticists would have pre- 
dicted; namely, that the immediate ef- 
fect of high level roentgen irradiation of 
mature spermatozoa may not bring about 
developmental or phenotypic anomalies un- 
til after the first generation cross. It is of 
particular interest here that damage of the 
chromosomal complex of the mature sper- 
matozoon, damage of the undifferentiated 
cells of the blastula (in press) and dam- 
age of the neuroblasts of the developing 
embryo by roentgen irradiation all affect 
the normal process of neurogenesis resulting 
in exencephalia. The common agent here is 
roentgen irradiation, but the common re- 
action is a specific type of anomalous devel- 


opment. 
Probably the earliest study on hereditary 
structural defects transmitted through 


roentgen irradiated spermatozoa was by 
Bagg and Little,’ but Snell and Dichen"® 
and later Snell !!° claimed that the effects 
were due to chromosomal translocations 
which did not manifest any effect on the 
phenotype until the second generation. 
Doses of from 200-1,000 r were used and the 
male mice were fertile for 2 weeks there- 
after. The F, mice were apparently normal, 
phenotypically, but when outcrossed pro- 
duced some 38 per cent cerebral hernias in 
the offspring. The study reported here dealt 
with a much higher exposure, from 10,000 
to 60,000 r, and while cerebral hernias (ex- 
encephalies) were produced in the second 
outcrossed generation (and not in the di- 


Fic. 13. Litter of mice exposed to 50 r at 8.0 days showing one exencephaly and one stunted and deformed 
embryo. Exencephaly at position L1, and stunted embryo at L6. 

Fic. 14. Litter of mice exposed to 200 r at 8.5 days showing higher incidence of exencephaly at positions 
L2, 5, 6, 7 and R4. These anomalies appear to be grossly similar. 

Fic. 15. Three individuals from litter shown in Figure 13, one an apparently normal individual, one with 
exencephaly, and one stunted but distinguishable as an early embryo. 

Fic. 16. An exencephaly from Figure 14 enlarged to show rather normal body and lower head features, but 
brain elements protruding through the dorsal cranium at the level of the mid-brain. These cases may be 
delivered alive but are invariably eaten by the mother. 
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rect F,), the data demonstrated that 
60,000 r was not lethal for the mature sper- 
matozoa nor did it affect either their power 
to fertilize normal eggs or to contribute 
their genes. Had parthenogenesis been 
achieved, by knocking out the genic com- 
plex of the mature sperm of the C57 black 
males, the offspring of the CF1 white fe- 
males would have been white. They were 
invariably black, normal-sized litters, and 
fertile. 

Neel ef studied children who had 
been exposed in utero at Hiroshima and 
Nagasaki and found that the genetic effects 
were exactly what would have been ex- 
pected from plant and animal studies. In 
another report Neel e¢ a/.* “state that the 
“Public hazard in the first generation off- 
spring of exposed parents appears to be 
slight” and “There is no indication from 
this study that the sensitivity of the human 
genes to radiation is not comparable to that 
of experimental plants and animals used in 
radiation experiments.” There was an in- 
crease in the stillbirths, a decrease in the 
livebirth weights,some possible effect on the 
sex ratios, some increase in malformations, 
and an increase in the neonatal and infant 
deaths. Based upon the mouse studies re- 
ported here, it will be important to delay 
any final analysis of human effects at least 
until succeeding generations appear. Otis® 
found that irradiation induced transloca- 
tions caused prenatal loss, greatest at the 
time of implantation in the mouse, but that 
corkscrew spinal cords, open metenceph- 
alon and myelencephalon, and everted 
central nervous tissue were all produced as 
a result of exposure of the germ cell (not the 
embryo). Finally, Muller®® again pointed 
out that there is no threshold dose to the 
gonads, and that all doses must be con- 
sidered as carrying some risk. It has been 
found that it is the total accumulated dose, 
not its intensity nor its duration, that is 
effective and that the frequency of muta- 
tions induced by roentgen irradiation (of 
the germ cells) is proportional to the dose 
received. Thus, the mature spermatozoa 
which were used to produce the hybrid F, 
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generation in the experiments reported here 
must have carried almost the maximum of 
possible mutations, chromosomal breaks, 
and translocations, simply because of the 
magnitude of the exposure. Nevertheless, 
the F; appeared to be normal because the 
unirradiated CF1 female contributed to 
each of the F, offspring what was function- 
ally a normal, or more normal, allelomorph 
for each possible deleterious roentgen irra- 
diation induced mutation contributed by 
the spermatozoa. However, when the F, 
hybrids were outcrossed to CF1 normals, 
the 40,000 r to the grandfather began to 
express itself in a variety of anomalies in 
the offspring, including 3 cases of cerebral 
hernias out of 714 mice. Other anomalies 
far outnumbered this single object of study, 
exencephaly. Since these herniated brains 
were of genetic origin, the only mechanism 
by which they could be produced would be 
by interference with the process of gastrula- 
tion and the consequent cephalic disrup- 
tions. Such interference would be expected 
from extensive chromosomal imbalance. 


B. IONIZING RADIATIONS AND THE ADULT 
CENTRAL NERVOUS SYSTEM 

(1) The adult brain has been presumed to 
be relatively very radioresistant, but the 
studies of local roentgen irradiation have 
not been at all conclusive. There have been 
numerous histologic and cytologic studies 
following direct irradiation of the adult 
mammalian brain, either whole or in part. 
Two patients, receiving 6,000 r and 3,500 r 
respectively, to limited regions of the brain, 
subsequently developed brain lesions and 
“amyloid” type of degeneration.’ Another 
patient was given 2,500 r to the right tem- 
poral scalp with the subsequent develop- 
ment of a brain lesion necessitating a right 
temporal craniotomy.” Those reporting the 
case believe that irradiation caused progres- 
sive, obliterative vascular disease suggest- 
ing amyloid degeneration. Arnold ef a/.,' in 
studying betatron exposure of the monkey 
brain, stated that the central nervous sys- 
tem of both monkey and man is more radio- 
responsive than is generally supposed. 


: 


Piate IV 

ne Fic. 17. Mouse embryos exposed to 150 r at 9 days showing (at 18 days) two normals, five exencephalies, and 
'S- one abortive embryo. Total gross anomalies equal 72 per cent. No histologic study was made of the two 
te apparently normal fetuses. 

in Fic. 18. Similar to Figure 17 (irradiated at g days) but exposed to 200 r. In this case there were two exen- 
om cephalies and one stunted embryo, position L2, with total of 30 per cent anomalies. 

2) Fic. 19 and 20. Single mouse embryo at 18 days which had been exposed to 200 r at 9 days’ gestation showing 
Se 


severe cepahlic anomalies not only including exencephaly but distortions of the face and lower jaw. In this 
O- instance the eyes are not seen, but note the normal appearance of the balance of the body posterior to the 


d. head. 
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Fic. 21. Section of mouse embryo in uterus at 7.5 days, 4 hours after being exposed to 200 r. Gross topography 
is normal, with ectoplacental cone above and thick neurectoderm below, surrounding the proamniotic 
cavity. 

Fic. 22. Enlarged view of embryo shown in Figure 21 but limited to the anterior end showing severe pyknosis 
and cell destruction at 4 hours after exposure to 200 r at 7.5 days. 


(Continued on facing page) 
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There is a radioselectivity on the part of the 
white matter of the adult, and the glial 
cells are adversely affected by irradiation. 
These workers believe the effects are direct 
on the nervous elements and not mediated 
through vascular degeneration. But, since 
irradiation can produce delayed necrosis, ir- 
radiation of the central nervous system 
must be thoroughly controlled, particularly 
with regard to the possibility of exposure of 
the brain stem. Clemente and Holst pro- 
duced extensive neuronal pathology and 
neurologic disorders by irradiating the 
heads of monkeys and stated that the pri- 
mary Impairment was of neurons, neuro- 
glia, and the vascular system. The hypo- 
thalamus and medulla were particularly 
vulnerable when doses of 4,500 or more 
were used. Another case in which 6,600 r 
was given in 20 days included the spinal 
cord and resulted in death in three months. 
Autopsy showed demyelinization of the 
white matter of the cervical spinal cord and 
some gliosis in the gray matter (Boldrey, 
Welch and Fadell, 1954). Gerstner et a/.?" 
exposed the brain of rabbits to 14,000 r and 
caused changes as early as 3 hours, includ- 
ing changes in water content, specific grav- 
ity, vasculitis, and pyknosis of granular 
cells of cerebellum. Later, Gerstner and 
Kent*® found 100 per cent pyknosis of the 
cerebellar granular cells after 9,000 r to the 
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head of rabbits. Lower doses caused pro- 
gressive apathy and other degenerative ef- 
fects. But Hicks*! revived the conviction 
that radiation damage to the adult central 
nervous system is a secondary late effect 
that results from slowly developing vascular 
damage. After high dosage, acute endo- 
thelial damage with thrombosis may ac- 
count for parenchymal changes. Only the 
radiations reaching the brain are effective; 
those to the body bear no relation to central 
nervous system damage.’ Brain exposure 
of the monkey shows histologic effects with- 
in 2 hours, reaching a peak in 8—24 hours, 
and regressing. Pyknosis of cerebellar 
granular cells was pronounced. Brownson 
and Moss” gave 1,600 r to the brain of the 
guinea pig to find a reduction in the peri- 
neuronal glial satellite cells, a decrease in 
microglia and increase in oligodendroglia. 
Neurons showed conspicuous Feulgen posi- 
tive granules. Thus, while it was originally 
thought that the adult mammalian brain 
was relatively very radioresistant, it is now 
believed that it is not so immune but the 
exact place of the blood-brain barrier in this 
sensitivity has not been determined. 

(2) Behavioral studies by Kaplan™ 
showed that even a lethal exposure (1,000 r) 
of the monkey did not destroy its memory 
for a learned task until shortly before its 
death (151 hours). When rats, guinea pigs, 


Fic. 23. Further enlargement of section of neurectoderm and neuroblasts showing abundant pyknosis, 
sloughing off of dead cells into the proamnion, extensive vacuolization, and very few intact cells. 

Fic. 24. Section of mouse embryo 24 hours after exposure to 200 r at 7.5 days’ gestation. General topography 
quite normal but development not as far as one would expect for 8.5 days. Embryonic ectoderm appears to 


be disorganized. 


Fic. 25. Enlarged view of section of neurectoderm from Figure 24. Note few mitotic figures appearing 24 
hours after exposure, among many pyknotic nuclei and disorganized cells. Compare with Figure 7. 

Fic. 26. Further enlargement to show cellular detail from Figure 24. Note discarded nucleus in proamniotic 
cavity and other hyperchromatic nuclei, but appearance of a few apparently normal cells which survived 
the radiation insult. These are probably neurectoderm, immune to roentgen irradiation, and the precursors 


of any apparently normal ectodermal derivatives. 


Fic. 27. Section of mouse embryo after exposure to 200 r at 7.5 days’ gestation showing resumption of de- 
velopment and rather intact neural ectoderm with many mitotic figures. This section is at the level of the 
mesencephalon and the folds were interrupted dorsally in every section. Note also the frilled aspect of the 
lining neurectoderm and residual damaged nuclei more peripherally located. 

Fic. 28. Similar to Figure 27 but section taken at the level of the otic vesicles. Here also the neural folds above 
failed to close over, but the neurectoderm appears largely intact with mitotic figures. 

Fic. 29. Similar to Figures 27 and 28 but at the level of the spinal cord showing failure of the folds to close 
above, some frilled cells lining the neurocoele, but few mitotic figures. 
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Fic. 30. Neural groove at the level of the pericardial coelom of the mouse embryo at 4 hours after being 
_ exposed to 200 r at 8.5 days’ gestation, showing abundant loose neural cells in presumptive neural groove 


(Continued on facing page) 
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and hamsters were exposed to the LDso/0 
level of roentgen rays" the survivors showed 
depressed activity, with a second depression 
at 3-4 weeks. However, these workers at- 
tributed the species differences to differ- 
ences in sensitivity of their gastrointestinal 
tracts rather than to effects directly on 
their nervous systems. Roentgen irradia- 
tion of dogs (total body) to 300 r caused 
“behavioral decay,”'® with decreased efh- 
ciency of adaptive behavior not related to 
reduction in appetite. 

Kimeldorf e¢ a/.°’ have shown that 30 r to 
the rat, 354 r to the mouse, or 318 r to the 
cat (delivered over 3 days) will condition 
them to avoidance behavior. Finally, while 


4oo r reduced the volitional activity of 


adult rats within 2—3 weeks, if 650 r was 
given, followed by bone marrow injection, 
the behavior of the rats was similar to that 
of the controls with no reduction in voli- 
tional activity.®’ Thus, it appears that some 
chemical agents may “protect” the central 
nervous system at certain levels of exposure 
at least. 

Studies of the behavior of fetally-irra- 
diated rodents during their subsequent 
adult life showed that the learning ability 
of rats was decreased as a function of the 
radiation exposure, variability in perform- 
ance was increased, and that rats irradiated 
on gestation day 13 were the most adversely 
affected.“ Such rats were very nervous in 
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any maze situation with chattering teeth, 
persistent scratching, face washing, defeca- 
tion, urination, and were difficult to tame. 
These findings were confirmed for the 
mouse, where it was shown that 100 r given 
on days 12.§ or 13.5 to the embryo pro- 
duced individuals that were hyperexcitable 
when stimulated electrically. 

(3) Electroencephalographic studies are 
difficult to analyze when made on lower 
mammals, but may, nevertheless, be very 
significant. In higher mammals (monkeys) 
whole body exposure in the lethal range 
shows an electroencephalographic pattern 
in the preterminal stage with “high voltage, 
slow waves, which gives way to an almost 
isoelectric tracing before death.’’!® This led 
the investigators to state that the central 
nervous system has a very high degree of 
resistance to roentgen irradiation. Similar 
observations were made by Ross 
The cerebellar response in cats” tested dur- 
ing irradiation showed decrease at about 
6,000 r and a severe flattening after 10,000 
r. Further electroencephalographic studies 
on the monkey" showed effects within sev- 
eral minutes of the initiation of exposure. 
There was generally a recovery which per- 
sisted. The general effect on the electro- 
encephalogram was a decrease in wave fre- 
quency and voltage. The initial transient 
suppression of electrical activity (effect on 
neural function) is followed by a subsequent 


being sloughed off after radiation insult. Endoderm and mesoderm appear normal. 
Fic. 31. Enlarged view of Figure 30 but more posteriorly, showing extensive pyknosis in neural groove ecto- 
derm and possibly slight effect on lateral somite mesoderm. A few mitotic figures may be seen at this time. 
Fic. 32. Further enlargement of the neural groove section showing almost complete disorganization of the 


embryonic ectoderm. 


Fic. 33. Section of mouse embryo 24 hours after being exposed to 200 r showing level of heart, wide open 


neural groove above, and dense neurectoderm. 


Fic. 34. Similar to Figure 33 but enlarged to show destruction of cell margins toward the presumptive 
neurocoele but no sloughed off cells in the vicinity, very few pyknotic nuclei, and intact notochord, endo- 


derm and mesoderm. 


Fic. 35. Similar to Figures 33 and 34 but at the level of the neural tube showing failure of the neural folds to 
close above, but some apparently normal cells within the neural ectoderm. 

Fic. 36. Oil immersion view of neural ectoderm from Figures 33, 34 and 35 showing few remaining abnormal 
nuclei among many neurectoderm cells which are becoming neuroblasts in the differentiation process. 

Fic. 37. Level of telencephalon of mouse embryo 48 hours after being exposed to 200 r at 8.5 days’ gestation, 
showing rather intact neural ectoderm of the brain (except in limited areas) but persistent dorsal opening 
above where the choroid plexus should be found. The third ventricle is to the left, with lateral ventricles on 
either side. Exencephaly may be due to failure of dorsal ectoderm to close over, or to failure of the mesen- 


chymal cranium to develop, or to both factors. 
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more extreme loss of activity which may be 
related to other bodily functions. 

Therefore, numerous studies have indi- 
cated that on the basis of histologic, behav- 
ioral and electroencephalographic changes 
subsequent to roentgen irradiation of the 
adult brain, there is more damage even at 
lower levels of exposure than originally 
believed. Whether still lower exposures 
(e.g., diagnostic levels) might have percep- 
tible effects by any tests cannot be stated 
at this time. However, it is still apparent 
that the adult brain (or neuron) is much 
more resistant to ionizing radiations than 
is the fetal brain (or neuroblast) by any 
test applied. 


C. IONIZING RADIATIONS AND THE HUMAN 
EMBRYONIC CENTRAL NERVOUS SYSTEM 

Let us then examine what is known about 
roentgen irradiation effects on the central 
nervous system of the human embryo. 
Naturally data are scarce, and limited to 
those who are alert to the situation and are 
willing to report their findings in the scien- 
tific literature. 

Human teratologies of the central nerv- 
ous system, caused by exposure to ionizing 
radiations, have often appeared in the liter- 
ature, beginning probably with the report 
of Murphy*® who linked maternal pelvic 
irradiation with subsequent microcephaly. 
Goldstein and Murphy*:**:°° reported that 
radium treatment of cervical cancer during 
pregnancy caused micromelia and micro- 
cephalic idiocy. Numerous congenital mal- 
formations, including 366 anencephalies, 
were analyzed by Record and McKeown!” 
but no attempt was made to correlate these 
with histories of roentgen irradiation. 

A few individual cases will emphasize the 
problem of getting reliable exposure data 
relative to the teratologies. Hobbs*’ re- 
ported a male exposed in utero to g00 r who 
appeared to be quite normal at 18 months. 
However, at a later date there appeared to 
be evidence of neurologic involvements. 
Koch®* reported a child irradiated with 
roentgen rays during gestation who showed 
marked mental and physical underdevelop- 
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ment, but there were others who appeared 
normal. An exposure of 200 r at two weeks’ 
pregnancy seemed to have no effect on a 
child,’ but roentgen-ray examinations of a 
pregnant woman at 4, § and 6 months for 
diagnostic purposes resulted in a child with 
microphthalmus, microcornea, syndactyly, 
strabismus, hypermetropia, amelogenesis, 
and odontogenesis imperfecta.** Roentgen 
therapy for castration at the fourth month 
of an unrecognized pregnancy was thought 
to be the cause of the child being micro- 
cephalic, hydrocephalic, and porencephalic. 
Psychometric tests showed complete idiocy.’ 
It would help in the final evaluation of this 
entire problem if clinicians would document 
the cases that come to their attention, 
checking particularly the dosimetry, total 
fetal exposure, and exact embryonic or 
fetal age. 

The hazards to the human embryo, based 
largely upon rodent studies and cautious ex- 
trapolations, were suggested by Russell and 
Russell."!3:"6 It was shown that an exposure 
of as little as 35 r might be critical for the 
human embryo at certain stages, partic- 
ularly during the first trimester. Patten” 
reviewed human cases of neural tube over- 
growth which might lead to anencephaly or 
exencephaly. 

The atomic bomb studies at Hiroshima 
and Nagasaki have led to certain definite 
correlations of the effect of ionizing radia- 
tions and fetal (congenital) anomalies. Of 11 
children within 1,200 meters of ground zero 
(Hiroshima) during intrauterine develop- 
ment, 7 showed microcephaly with mental 
retardation.*® Sutow, Hamada, and Kawa- 
moto!” found that children close to ground 
zero (Nagasaki) showed more neurologic 
anomalies than did the more distant con- 
trols, but they did not find the types of 
anomalies generally attributed to fetal 
roentgen irradiation of rodents. Kawamoto 
et al. found the head circumference of 
males exposed in utero to be considerably 
more reduced by irradiation than the heads 
of the sibling females. Later Kawamoto™ 
stated that while the physical fitness of 
children exposed at Nagasaki was not ap- 
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preciably different from thatof the controls, 
it would be well to await studies when the 
children were somewhat older. Yamazaki, 
Wright and Wright" found 30 mothers who 
had been severely exposed to the bomb irra- 
diations at Nagasaki, and among their 
children, exposed in utero, there were 23.4 
per cent fetal deaths, 26 per cent neonatal 
and infant deaths, and 25 per cent mental 
retardation among the surviving children. 
A study at 9 years confirmed the statements 
that the nearer the embryos or fetuses were 
to ground zero at the time of detonation, 
the greater the likelihood of microcephalia 
appearing with its attendant mental re- 
tardation.’® A very exhaustive study was 
made by Neel and Schull on 76,626 post- 
war pregnancies which showed impairment 
of growth in anthropomorphic measure- 
ments, but the authors imply that such a 
study must await later analyses before any 
conclusions can be drawn. This may require 
several generations. Finally, Stewart e¢ a/.!”° 
made a survey of malignant disease in chil- 
dren, reporting 11.9 per cent of children ir- 


radiated in utero developing anomalies of 


the central nervous system. There is no 
doubt but that the nervous system of the 
embryo, be it rodent or anthropoid, is sen- 
sitive to 1onizing radiations in such a man- 
ner as to develop anomalies from mild 
necrosis to anencephaly. There is no in- 
formation on functional effects below those 
which have anatomic corollaries. 
Anencephaly of the human was probably 
first described by Lebedeff” in 1881 as due 
to disorders in connection with the primary 
flexures of the brain. Later! it was thought 
to arise from nonclosure of the neural tube 
which is continuous with the brain, or pos- 
sibly from the actual rupture of the brain 
stem following excessive pressure of the 
cerebrospinal fluid.** Erskine?’ offered the 
developmental explanation that the meso- 
derm underlying the embryonic ectoderm, 
which normally tends to organize the ecto- 
derm into neural primordia, is affected in 
some way and that secondarily the develop- 


ing brain becomes abnormal. This type of 


explanation would fit the genetic causes 
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better, since they precede the development 
of any neural primordia. 


D. THE PRODUCTION OF ANIMAL CENTRAL 
NERVOUS SYSTEM TERATOLOGIES 

(1) The mammalian embryo appears to 
be readily affected by certain drugs (chem- 
ical compounds) injected either intraperi- 
toneally or intravenously into the pregnant 
animal, or by hypoxia and anoxia. A wide 

variety of anomalies have been produced in 
mice and rat embryos, particularly by tryp- 
an blue, and many of these anomalies in- 
volve the central nervous system, including 
exencephaly and anencephaly. For those 
particularly interested, the references are 
given in Table v. The italicized references 
are those in which exencephaly or a closely 
related condition has been produced. 

While exencephaly and anencephaly are 
found among otherwise normal human 
births, there has been no evidence as to 
their cause, whether by ionizing radiations, 
chemical agents, or other possible factors. 
The above chemicals are sometimes desig- 
nated as “radiomimetic” simply because 
they elicit from the developing embryo the 
same types of reaction that follow exposure 
to ionizing radiations. 

(2) Probably the first description of 
radiation induced anomalies in experi- 
mental animals was given by Baily and 
Bagg.‘ Kaven,®: who roentgenographed 
pregnant mice between 7 and Ig days, found 
the cephalic anomalies to be the most 
frequent including exencephalies. He pro- 
duced brain hernias (‘““Extrakranieller Dys- 
encephalia’’) in 10 per cent of the fetuses by 
exposing the embryos between days 13-16, 
and only 2.4 per cent when the fetal mice 
were irradiated between 17-19 days, at 
doses as low as 178 r. Kaven stated that 
exposure on day 8 affected the encephalon; 
day 12 caused hydrocephaly; day 14 re- 
sulted in sterilization; and day 18 caused 
cataract development. Both Kaven®:® and 
later Russell"® have suggested that expo- 
sures before day 8 did not cause anomalies 
in the surviving mice. When 300 r was given 
on day 10.5, it produced the same result, 
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TABLE V 


PRODUCTION OF BRAIN ANOMALIES IN THE FETUS, 
FROM NECROSIS TO ANENCEPHALY, BY TREAT- 
MENT OF THE PREGNANT RODENT (MOUSE 
OR RAT) BY CHEMICALS 


TRYPAN BLUE: Gilbert and Gillman,® 1948; Mura- 
kami and Kameyama," 1950; Murakami,®:*" 1952, 
1957; Waddington and Carter,’ 1952; Ham- 
burgh, 1952, 1954; Harm, 1954; Murakami, 
Kameyama, and Kato,** 1954, 1956; Wilson (rab- 
bits),!! 1955; Ferm,” 1956; Gunberg (rats), 1956; 
Fox and Goss,” 1956; Waddington and Perry (am- 
phibia),!” 1956; Beaudoin and Wilson (chicks),’ 
1958; Wilson,' 1957. 

AZO BLUE: Wilson,'® 1954. 

LITHIUM CARMINE: Murakami,*:*' 1952, 1957; Mura- 
kami, Kameyama, and Kato,*:* 1954, 1956; Mura- 
kami and Katsunuma,® 1955. 

VITAMIN A: (deficiency) Warkany, Nelson, and 
Schraffenberger,!?” 1943; Warkany and Schraften- 
berger, 1947; Warkany,'® 1947; Warkany and 
Roth," 1948; Wilson and 948, 
1949, 1950; (excesses of vitamin A) Cohlan," 1953; 
Giroud and Martinet,®**® 1956, 1957. 

PANTOTHENIC ACID DEFICIENCY: Boisselot,®:*!° 1948, 
1949, 1951; Giroud,***" 1953, 1954; Giroud, Delmas, 
Prost, and Lefebores,*® 1957. 

CORTISONE: Baxter and Fraser,® 1950; Fraser and 
Fainstat,?” 1951; Fraser, Fainstat, and Kalter,”* 
1953; Strean and Peer,'! 1956. 

FOLIC ACID DEFICIENCY : Giroud and Lefebvres-Boisse- 
lot,** 1951; Evans, Nelson, and Asling,”! 1951. 

RIBOFLAVIN: Warkany,!® 1944; Warkany and Schraf- 
fenberger,'*® 1947; Giroud and Boisselot,*?* 1947, 
1948. 

INSULIN: Lichtenstein, Huest, and Warkany,” 1951; 
Hicks (hypoglycemia), 1953. 

NITROGEN MUSTARD: Haskin,*” 1948. 

FUEL GAS: Murakami, Kameyama, and Kato,* 1956. 

ANOXIA: Ingalls, Curley, and Prindle,®® 1950; Hicks,” 
1953. 

HYPOXIA: Rubsaamen (chick),!% 1950; Murakami 
and Kameyama,* 1954. (No deleterious effects) 
Russell, Russell, and Major," 1951; Russell and 
Russell," 1954. 

various DRuGs: (TEM, Aminopterin, Malanonitrile, 
Plasmacid, Flouactetate, Mepharsen, Iosoben- 
zoate, and Chlormercuribenzoate) Hicks,‘ 1952, 


1953- 


due to a defective (skeleton) cranium.' In 
a series of studies on the rat embryo, 
Hicks**—* found no deleterious effects be- 
low 100 r, but evidence of neuronecrosis fol- 
lowing 150 r during the “‘second and third 
week of gestation.”” Rat embryos exposed 
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to 150 r at 9 days showed anencephaly, or 
total absence of brain, but in no case was 
exencephalia described. Possibly this does 
not occur in the rat. Hicks emphasizes that 
“complete or near complete repair can occur 
in many zones.” 

In 1957 Murakami* and co-workers pro- 
duced the same type of cerebral hernia by 
treating pregnant mice with trypan blue, 
lithium carmine, or roentgen rays. They 
found day 13 to be the most susceptible. 

Table vi gives the references to those 
papers in which cephalic anomalies have 
been described, following embryonic or 
fetal roentgen irradiation. The italicized 
references are those in which exencephaly 
has been described. 

Roentgen rays are nonselective, pene- 
trating all tissues and organs, while chem- 
ical substances may concentrate in one 
region or another. 

In all instances when an irradiated, preg- 
nant mouse was opened at 17-18 days for 
examination of its fetuses, it was possible to 
immediately locate those litter members 
which would show exencephaly. Each one 
was invariably enclosed in an amniotic sac 
filled with blood. Such fetuses were alive, 
having developed otherwise normally, but 
would have been destroyed by the mother 
at birth. They could not have survived, in 
any case. 

In order to understand the embryologic 
aspects of this problem, it would be well to 
describe briefly the major dynamic changes 


TABLE VI 


THE PRODUCTION OF CEREBRAL ANOMALIES BY ) 
EXPOSING THE EMBRYO TO IONIZING 
RADIATIONS 


De Nobele and Lams"? 1925; Kosaka,**~™ 1927, 1928, 
1929; Murphy and de Renyi,"” 1930; Job, Leibold, 
and Fitzmaurice,®® 1935; Kaven,™ 1938 (2); War- 
kany and Schraffenberger, 1947; Rugh (amphi- 
bia)’ 1949, 1956; Hicks,**-* 1950, 1952, 19533 
Russell" 1950, 1957; Wilson,*° 1952, 1954; 
Wilson and Karr," 1951; Wilson, fordan, and 
Brent,'*® 1953; Murakami and Katsunuma,® 1955; 
Chapman and Latta (chick-P*)," 1956; Riggs, 
McGrath, and Schwartz, 1956; Murakami,* 1957; 
Murakami and Kameyama,® 1958. 
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that occur in the rodent (mouse) embryo 
over this critical period. 

At 6.5 days: All of the primary germ 
layers are laid down, implantation has be- 
gun, and the embryo is bathed in maternal 
blood. 

At 7.0 days: Implantation is essentially 
completed. The embryo consists of a head 
process, primitive streak, allantois, yolk 
sac, amniotic folds, and exocoelom. 

At 7.5 days: The primitive streak and 
head process are the most prominent and 
actively developing structures, but the 
neural groove and notochord are forming, 
head mesenchyme appears, blood islets 
develop, the foregut is a mere pouch, and 
there are three prominent cavities (amnion, 
exocoelom, and ectoplacenta). The decidual 
growth tends to isolate the embryo into its 
crypt. 

At 8.0 days: There is obvious cephaliza- 
tion, or accentuated growth of the anterior 
structures. The first (anterior) somites ap- 
pear lateral to the developing neural tube, 
the stomodeum and hindgut are distinguish- 
able, the yolk sac envelopes the amnion and 
exocoelom, and the uterine cavity is quite 
completely blocked off by the implantation 
mass. 

At 8.5 days: The cephalic flexures devel- 
op, eleven somites have appeared, the neural 
tube is closing along its entire length, the 
brain vesicles are distinguishable, bran- 
chial arches and heart appear. 

It is obvious from this chronology that 
the time of maximum probability of pro- 
ducing exencephalic embryos in the rodent 
correlates well with the very active devel- 
opment of the cephalic structures, the head 
mesenchyme, the brain and neural tube. 
The embryonic ectoderm at this time is 
changing from a rather flat plate of undif- 
ferentiated cells to a groove and then to a 
tube which immediately transforms into a 
multivesicle brain and long neural tube. 
The cells of the neurectoderm which will ac- 
tively participate in this brain and spinal 
cord formation are the ones which manifest 
the maximum damage in the histologic 
study reported here. Since many, if not all, 
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of the damaged cells are sloughed off and 
discarded, what remains is insufficient in 
mass to form a complete brain and cord, 
and also may be inadequate in the devel- 
opmental potencies necessary to accomplish 
normal neurogenesis. The reason for ce- 
phalic damage without equivalent effects on 
the rest of the developing embryo is that, at 
the time of roentgen irradiation insult, the 
morphogenetic forces of the anterior end 
(organizers) are the most active and in- 
volve many metamorphic (neuroblast) 
cells. 

It has been stated that congenital de- 
fects are the third ranking cause of infant 
deaths.*® These teratologies (congenital 
anomalies associated with development) 
could arise from a variety of influences 
which may involve according to Patten:%” 
(a) Developmental arrest; (b) retarded 
growth; (c) altered resorption (too much 
or too little); (d) abnormal location for 
resorption; (e) abnormal location for 
growth; and (f) local overgrowth but not 
neoplastic. In this latter category is myelo- 
schisis in which case the neural plate tissue 
is so voluminous that the normal over- 
growth of covering tissue cannot develop. 
It is very possible that some cases of ex- 
encephaly can be thus classified, although 
there is little evidence of actual increase of 
neural volume in these roentgen irradiation 
studies. Damage to the neuroblasts, re- 
sulting in depletion of cells, is such that 
there is failure of the neural groove to close 
above, particularly at the level of the brain. 
This closure and overgrowth of skeleton is 
normally aided by mesenchyme. Conse- 
quently, when the brain ectoderm grows, 
it is not restricted and tends to extend be- 
yond the limits of the cranium. Thus, we 
have protrusions of the brain which per- 
sist. Some litter members appear to be able 
to tolerate the same exposure without such 
protrusions, but it is not to be presumed 
that such individuals are devoid of neuro- 
logic damage of comparable nature which 
might have widespread functional sequelae. 

Brief mention is made here of two refer- 
ences to the effect that the placenta might 
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be a contributing factor in maldevelopment 
of irradiated or drug-exposed fetuses," 
but this has been denied both by Russell,'"° 
Russell and Russell,! and by Hicks.°°-* 
Effects of ionizing radiations are directed to 
the fetus, not mediated through the 
placenta or the mother, both of which are 
more radioresistant than is the embryo. 


E. SPECULATIONS AS TO THE CAUSATIVE FACTORS 


(1) Exencephaly is but one of many pos- 
sible results of developmental disruption, 
incurred at a time when the brain (and 
cephalic structures in general) is being laid 
down in the embryo. It is believed that the 
neuroblasts, preeursors of the neurons, are 
extremely radiosensitive and these cells are 
in abundance beginning about the seventh 
day of gestation in the mouse. This com- 
pares with about 16-18 days in the human. 
Thereafter, neuroblasts are present in em- 
bryos until and after the time of birth, and 
wherever they are, they are vulnerable, 
probably to some of these radiomimetic 
chemicals as well as to ionizing radiations 
since exencephalies can be produced by 
either agent. As soon as these neuroblasts 
differentiate into neurons, they become 
relatively more radioresistant, so that 
teratologies of the nature of exencephaly 
cannot be produced. The nature of the 
ultimate damage will depend more on the 
time of insult than on the degree of expo- 
sure, within limits. It should not be pre- 
sumed that the neuroblasts alone are so 
sensitive, for the mesenchyme (primitive 
mesoderm) of the embryo is also in a forma- 
tive stage and is probably similarly radio- 
sensitive. These mesenchyme cells, pre- 
cursors of the skeletal mesoderm, are in- 
volved not only in neurogenesis but in 
developing the enclosing skull and verte- 
bral column. 

(2) For some time it was thought that 
the embryo was able to repair and recover 
such damage as was incurred by ionizing 
radiations or by radiomimetic drugs. This 
was due in part to the fact that there was 
usually a delay in the study of effects until 
birth or thereafter, and surviving animals 


did indeed appear to be topographically 
normal. However, it has been shown that 
in the case of the neural retina,!°°!"" while 
the eye of the fetally-irradiated mouse may 
appear topographically normal after birth, 
it was reduced in size in rough proportion 
to the degree of irradiation during em- 
bryonic life. Thus, from the exencephalies 
reported here to the microcephalies re- 
ported from Hiroshima and Nagasaki, we 
are dealing with neural deletions due to ex- 
posure to ionizing radiations during em- 
bryonic life. These are gross anomalies, 
easily detected and measured. We do not 
yet know the level of insult to the embryo 
which will show electroencephalographic, 
behavioral, or even psychologic sequelae 
not correlated with gross or histologic 
manifestations. Certainly, this undeter- 
mined area is of vital importance not only 
to the medical profession, particularly 
radiologists who might be called upon to ir- 
radiate embryos, but to those concerned 
with the mental fitness of the general pop- 
ulation. 

One cannot safely extrapolate scientific 
observations from a rodent embryo to the 
embryo of the human, nor can one draw 
any direct conclusions from one to the 
other. Nevertheless, as Otis and Brent” 
have shown, it is possible to compile a 
graph of equivalent stages of development 
of the mouse and the human embryo and 
find a very smooth curve, indicating that 
the chronology of development is essen- 
tially the same. With the support of funda- 
mental embryology and scattered reter- 
ences to anomalies in the human, similar to 
those induced by roentgen irradiation of the 
mouse or rat embryo, it is legitimate to 
suggest that, at least until more facts are 
known, it would be very wise to reduce the 
instances of human embryonic and fetal 
exposure to penetrating ionizing radiation 
to an absolute minimum. 


SUMMARY AND CONCLUSIONS 


. The incidence of resorptions among 
ine untreated offspring of normal CFI 
mice, examined at 17.5 days gestation, was 
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5.7 per cent, and no exencephalies (cerebral 
hernias) appeared. 

2. The mature spermatozoa of C57 black 
mice can tolerate 60,000 r roentgen rays and 
still be motile and fertile, producing normal 
offspring in hybrid crosses with CFI fe- 
males. These hybrids are fertile but must 
carry chromosomal translocations because 
in the subsequent generation exencephalies 
(cerebral hernias) appeared amonga variety 
of anomalies. 

3. When CF1 X CFI pregnant mice were 
roentgen irradiated on days 7.5 or 8.0 with 
so r, exencephalies were produced. When 
the exposure was increased to 200 r, the in- 
cidence of this central nervous system 
anomaly was increased to 26 per cent fol- 
lowing exposure on day 8.0. Also, at this 
higher level of exposure the anomaly oc- 
curred following roentgen irradiation at any 
time from day 6.5 to 9.0. By to days’ 
gestation even 300 r did not produce this 
anomaly, since the embryo had developed 
beyond the stage of closure of the neural 
tube and brain vesicles. 

4. There is no evidence that either 
uterine horn or position in the uterus of any 
litter member was in any way related to the 
production of this anomaly. In every litter 
in which exencephaly developed, there were 
normal appearing litter mates. It is pre- 
sumed that these mice, though not showing 
the gross teratology of exencephaly, never- 
theless would exhibit by other tests effects 
of serious neurologic injury. 

5. The mouse embryo at 7.5-8.5 days is 
made up largely of neurectoderm which is 
actively transforming, through neuroblasts, 
into neurons of the central nervous system 
tissue. It is these neuroblasts that are so 
radiosensitive. Four hours after exposure 
many of them are seen to be necrotic or 
even pyknotic. By 24 hours mitosis is re- 
sumed and by 48 hours the embryonic 
central nervous system appears to be topo- 
graphically normal. It is, however, de- 
ficient to the degree of necrosis and pykno- 
sis. 

6. Exencephaly in the mouse following 
embryonic roentgen irradiation apparently 
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develops not through an excess of neural 
tissue but through the failure of the neural 
tube to close and/or the failure of the 
mesenchyme to develop the cranial roof. 
There is no evidence of hyperdevelopment 
of neural tissue to compensate for the loss. 

7. Exencephaly is but one gross teratol- 
ogy of the central nervous system which 
reveals more extensive damage within. It is 
an extreme condition which must be shared 
in varying degrees by all members of a 
litter simultaneously and equally exposed 
to ionizing radiations. 

8. Exencephaly, a major teratology (con- 
genital anomaly) among mammalian fe- 
tuses, may be produced by genetic factors 
after the first generation or by direct ex- 
posure of the developing embryos at cer- 
tain critical stages. In either case the medi- 
um of insult is the ionizing radiation; 
namely, roentgen irradiation. The mecha- 
nism, when genetically induced, is no doubt 
through interference with gastrulation by 
unbalanced chromosomal complexes, and in 
the embryo by direct irradiation, due to the 
high radiosensitivity of the transient neuro- 
blasts. Roentgen irradiation of the embryo 
produces a phenocopy of the genetically 
produced exencephaly, for the condition 
derived in either manner appears to be 
essentially the same. 

g. The period of greatest radiosensitivity 
with respect to this cerebral congenital 
anomaly corresponds to 16-18 days for the 
human embryo. 


Roberts Rugh 

Columbia University in the City of New York 
Department of Radiology 

630 West 168th Street 

New York 32, New York 
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THE FORTY-FIRST ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE American Radium Society com- 
pleted another successful year of ac- 
tivity when it held its Forty-first Annual 
Meeting in Hot Springs, Virginia on April 
6, 7 and 8, 1959 at The Homestead. The 
attendance maintained its high level with a 
total registration of 351, representing 102 
members, 127 non-member guests and 122 
ladies. Dr. Allen Barker of Roanoke, Presi- 
dent-Elect of the Medical Society of Vir- 
ginia, welcomed the organization to Vir- 
ginia and expressed the hope that its facili- 
ties would be so attractive to the Society 
that it would return for future meetings. 
The Monday morning Scientific Session 
was opened by Dr. Milford D. Schulz of 
Boston who delivered the Presidential Ad- 
dress dwelling on “The Choice of Modality 
in the Treatment of Cancer.” President 
Schulz emphasized that, since this choice 
was made for the patient’s welfare, it should 
be on the basis of accumulated experience 
of physicians in various related fields. He 
also stressed the importance of proper 
training of the radiotherapist in these times 
as compared with former years in order to 
obtain adequate skill and judgment for the 
best results. The radiotherapist must have 
an appreciation of the value of surgical and 
chemotherapeutic methods as well as a 
thorough knowledge of his own field. He 
cannot be an all around oncologist on the 
simple premise that it is difficult to serve 
more than one master. Time and limita- 
tions require sorting out radiotherapy from 
general radiology. Radium in recent years 
has been sadly neglected except by the few 
skilled operators who have used it to ad- 
vantage in delivering effective radiation to 
a confined and accessible volume of tissue. 
Supervoltage therapy should not be based 


on the mere fact of possession of a high 
energy unit, but rather on the real uses of 
this modality. Dr. Schulz was fearful that 
the value of radiotherapy may be jeopard- 
ized by indiscriminate use just because of 
availability, not tempered by prior experi- 
ence. He expressed the opinion that the 
most important development in cancer 
management is the concept of a team of 
physicians and scientists, all bringing their 
own peculiar skills and experience to bear 
on the patient’s problem. Thus, the sur- 
geon, radiotherapist, diagnostician, chemo- 
therapist, physicist, statistician and biolo- 
gist all set about to do what will serve the 
situation best and to act in concert. 

The morning session continued with a 
colloquium on “Problems in the Manage- 
ment of Cancer of the Larynx.” The mod- 
erator was Dr. Ralph M. Caulk and the 
panel participants were Drs. Leroy Schall 
and Calvin T. Klopp, representing the sur- 
gical point of view, and Doctors Simeon T. 
Cantril and Robert Robbins, discussing 
radiation therapy. The indications and 
contraindications for the various surgical 
and radiotherapeutic procedures in the 
management of laryngeal cancer were pre- 
sented by members of the panel, followed 
by a thorough discussion relating to mor- 
bidity, rehabilitation, physiologic prepara- 
tion, etiology, management of recurrences, 
tumor dosage, surgery and radiation fail- 
ures and many other aspects of the total 
problem. 

The program continued with individual 
presentations. Dr. Vera M. Dalley of 
London, England, discussed the place of 
radiation therapy in the treatment of ma- 
lignant tumors of the temporal bone. ‘Two 
other papers completing the morning ses- 
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sion were on ““The Combined Technique of 
External Irradiation and Interstitial Gam- 
ma Therapy in the Treatment of Head and 
Neck Tumors”’ and “Cancer of the Naso- 
pharynx.” A complete and thorough dis- 
cussion of the morning presentations was 
led by Dr. Juan A. del Regato. 

In the latter part of the afternoon, Dr. 
H. Dabney Kerr, in introducing the Jane- 
way Lecturer, recounted in some detail 
numerous biographical events in the illus- 
trious life of Dr. James T. Case. Dr. Case 
spoke on the early history of the American 
Radium Society. He reviewed briefly the 
events leading to the discovery of radium 
by Madam Curie and gave many interest- 
ing sidelights of her later activities. He told 
many anecdotes about the exploitations of 
the public by quacks who offered unusual 
cures with the use of substances supposedly 
related to radium. In his tribute to many of 
the early workers in radium therapy and 
radiation physics, he especially acknowl- 
edged the works of Dr. Gioacchino Failla 
for his introduction of gold seeds, and Drs. 
Edith Quimby, J. Ralston Paterson and 
Herbert M. Parker for placing radium 
dosage on a scientific basis. Dr. Case re- 
viewed in some detail the various tech- 
niques of radium therapy from the very be- 
ginning to the present day. 

In the early evening, a social hour for 
members and guests was sponsored by the 
Radium Chemical Company in the beauti- 
ful Georgian Room. After dinner colored 
movies of Puerto Rico were shown by Dr. 
Victor A. Marcial, who will be chairman of 
the committee on arrangements for next 
year’s meeting in San Juan. 

The Tuesday morning session continued 
with a colloquium on the “Causes of Failure 
in the Treatment of Cancer of the Oral 
Cavity.” Dr. W. S. MacComb was modera- 
tor and the panel consisted of Drs. Simeon 
T. Cantril, Gilbert H. Fletcher, Lewis W. 
Guiss and Arthur G. James. A lively dis- 
cussion followed the presentation, and the 
causes of failure of various modalities used 
alone and in combination were pointed out. 
The program continued with presentations 
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on “Roentgen Therapy of Skin and Lip 
Cancer,” ‘‘Problems in Planning Radiation 
Therapy for Postoperative and/or Post- 
radiation Recurrences in Gynecologic Can- 
cer,” “The Management of Late Metas- 
tases, Recurrences or a Second Primary 
Tumor in Seminoma,” and “Radiation 
Nephritis and Radiation Myelitis.’’ Dr. 
Murray M. Copeland of Washington, D.C. 
summed up the morning program with 
emphasis on the controversial problems. 

On Tuesday evening, following a recep- 
tion, the Annual Banquet was held in the 
Georgian Room. After introducing distin- 
guished personalities at the speakers’ table, 
President Schulz, with great eloquence, 
presented the Janeway Medal to Dr. Case 
for his outstanding work over a period of 
many vears. The Washington and Lee 
University Glee Club entertained the 
group with a fine repertoire of songs. Later, 
entertainment and dancing followed in the 
Crystal Room. 

The third scientific session took place on 
Wednesday morning with Dr. Theodore P. 
Eberhard serving as chairman. This pro- 
gram included the following subjects: “‘Sur- 
vival of More Than Ten Years in Hodg- 
kin’s Disease,” ‘““Marrow Transplant after 
Exposure to Lethal Radiation,” “‘Psychi- 
atric Problems in Patients Undergoing 
Radiotherapy,” “Common Medical Prob- 
lems in Patients Undergoing Radiation 
Therapy,” “The Treatment of Retino- 
blastoma by X-Ray Alone and by the 
Combination of X-Ray and TEM,” “Prog- 
nostic Difficulties of Neuroblastoma,” ““The 
Moving Strip Technique for Treatment of 
the Chest Wall following Mastectomy for 
Cancer of the Breast,” “Implantation of 
Radioisotopes into the Internal Mammary 
Artery As a Supplement to Radical Mas- 
tectomy,” “Unusual Radium Implants in 
the Treatment of Cancer,” and ‘“Treat- 
ment of Papillomata of the Bladder with 
Radioactive Colloidal Gold.” 

During the three morning scientific ses- 
sions, a ladies’ program was also in prog- 
ress. This included a lecture by Dean 
Percy Warren of Madison College, a flower 
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show by Mrs. Ralph T. Ogden and Mrs. 
Jesshill Love in the Georgian Room and a 
coffee hour in the Garden Room. 

The substantial scientific contributions, 
the atmosphere of southern hospitality of 


The Homestead and superb recreational fa- 
cilities coupled with the warmth of spring 
weather contributed in making this meet- 
ing unusually successful. 


Harry Hauser, M.D. 
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SOCIETY PROCEEDINGS AND NEWS ITEMS 


THE ROCKY MOUNTAIN RADIOLOGICAL 
SOCIETY 

The next annual meeting of the Rocky 
Mountain Radiological Society will be held 
in the Shirley Savoy Hotel in Denver, 
Colorado, August 20-22, 1959. The guest 
speakers and their subjects are as follows: 
Eugene P. Pendergrass, M.D., (1) Some 
Intangibles Concerning Cancer; (2) Some 
Thoughts Concerning the Treatment of In- 
operable Carcinoma of the Breast; (3) Pneu- 
moconiosis; Philip J. Hodes, M.D., (1) 
Altered Cerebral Hemodynamics, Manifesta- 
tions of Intracranial Disease; (2) Rare Pul- 
monary Diseases, Their Roentgen Manifesta- 
tions; (3) Medical Meddlers, What Price 
Insecurity; Franz Buschke, M.D., (1) The 
Treatment of Advanced Carcinoma of Head 
and Neck; (2) Common Misconceptions in 
Radiation Therapy; Owings W. Kincaid, 
M.D., (1) Abdominal Aortography; (2) Ex- 
periences with Angiography as a Guide to 
Mediastinal Exploration; (3) Roentgenologic 
Diagnosis of Operable Heart Disease; and 
Magnus I. Smedal, M.D., (1) Therapeutic 
Uses of Low Megavolt Electrons ; (2) Observa- 
tions on the Cause of Arm Edema Following 
Radical Mastectomy. 


AMERICAN RADIUM SOCIETY 
ELECTS NEW OFFICERS 

At a meeting held at The Homestead, 
Hot Springs, Virginia, on April 6-8, 1959, 
the following officers were elected: Presi- 
dent, Theodore R. Miller, New York, 
N. Y.; President-Elect, Jesshill Love, In- 
dianapolis, Ind.; 1st Vice-President, Gray 
H. Twombly, New York, N. Y.; 2nd Vice- 
President, Leonidas Marinelli, Lemont, 
Ill.; Secretary, Robert L. Brown, Atlanta, 
Ga.; and Treasurer, Gilbert H. Fletcher, 


Houston, Texas. 


The next meeting will be held March 17- 
19, 1960 at the Caribe Hilton Hotel at San 
Juan, Puerto Rico. 


FOURTH INTERNATIONAL COURSE 
ON TOMOGRAPHY 

The Fourth International Course on 
Tomography will be held from September 
28—October 3, 1959, at the Radiology Insti- 
tute of the University of Genova, Genova, 
Italy under the direction of Prof. Alessan- 
dro Vallebona. Conferences, lectures, com- 
munications have been arranged on various 
chapters of tomography. All lectures, while 
read in the original language, will be con- 
temporarily translated into Italian, French, 
German, and English. The subject “To- 
mography” will be treated completely in 
all its aspects: theory, geometric studies, 
technique and instruments, and its use in 
exploring several organs in the normal and 
pathologic individual, with special atten- 
tion to the more recent procedures and 
clinical applications. 

The entrance fee is 15,000 Italian Lire 
for ordinary members; 10,000 for junior 
members (under 30 years of age) and 5,000 
for the followers, attendants and relatives. 
Applications and eventually titles of com- 
munications must reach the secretary of 
the course by June 30. Entrance fees must 
be sent to the general secretary of the 
course: Prof. Neopolo Macarini (Istituto 
di Radiologia, Ospedale S. Martino, Ge- 
nova), or else be sent to Cook-Wagon-Lits, 
General Travel agent for this course. Ap- 
plicants may ask the same agencies for in- 
formation concerning their travel and hotel 
bookings. 
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ROENTGEN DIAGNOSIS 
NeEcK AND CHEST 


Harter, Ernst. Hiatal hernia; its diagnosis 
and clinical significance. 4m. F. Digest. Dis., 
Dec., 1958, 3, 901-915. (Address: 36 Toedi- 
strasse, Zurich, Switzerland.) 


Hiatal hernia is no longer a rare finding. It is often 
overlooked because, even though the symptoms are 
quite characteristic, they are not generally known 
and the diagnosis which is a roentgenologic one is not 
always adequate. 

There are no problems to diagnosis of large 
hernias; it is the small spontaneously reducible ones 
which produce the severest symptoms. 

The author gives several criteria for good diagno- 
sis. The lower end’of the esophagus and the cardia 
must be filled with opaque mixture. The patient 
must be horizontal and exposure made on expiration. 
Another maneuver is increasing intra-abdominal 
pressure. 

Roentgenograms are recommended in the follow- 
ing postures: prone with left side elevated (here small 
hernias may be overlooked), prone with epigastric 
pressure made by pillow, sponge or balloon (this is 
most reliable), and left oblique supine in Trendelen- 
burg position (not too reliable). 

If indirect signs of hernia are encountered, all 
efforts should be made to prove its presence, even us- 
ing air in the colon and the Valsalva maneuver. The 
indirect signs are: passage of barium into the stomach 
during inspiration (normally the pinchcock action of 
the hiatus shuts off the lower end of the esophagus on 
deep inspiration); reflux into the esophagus in Tren- 
delenburg position; and irregularity of the mucosal 
pattern of the lower esophagus or S-shaped tortu- 
osity which may be an incompletely filled hernia. 

The author performed 2,402 barium meal exami- 
nations and found a 12.5 per cent incidence of hernias 
in patients with epigastric complaints. However, he 
feels that in nonselected cases this would be 8-10 
per cent. The most common age group is past fifty 
years, although congenital hernias can occur. 

The symptoms are those due to: (1) incompetence 
of cardia—causing fullness, substernal discomfort, 
pressure in left chest; (2) regurgitation into the 
esophagus—causing burning, bitter eructations; and 
(3) posture—causing symptoms to be worse in the 
recumbent position or when bending over. 

An interesting observation in the author’s series 
was that Saint’s triad (hiatal hernia, gallstones, di- 
verticulosis of the colon) was seen in 2.3 per cent of 
his cases. There are g fine illustrations and 3 tables 
showing correlation of size of hernia, age and symp- 
toms.—Eva S. Carey, M.D. 


Béraup, and DeFrreNNE, P. Etude radi- 


Abstracts of Radiological Literature 


Jexe, 1959 


ologique des hernies par aplasies diaphrag- 
matiques partielles du nouveau-né. (Radio- 
logic study of hernias due to partial dia- 
phragmatic aplasia in the newborn.) ¥. de, 
radiol., d’électrol. et de méd. nucléaire, Nov., 
1958, 39, 697-704. (Address: Cl. Béraud, 
Chemin Sainte-Irénée, Lyon, France.) 


The authors report 5 cases operated on for con- 
genital hernias in the newborn due to partial aplasia 
of the diaphragm; of these, 4 were on the left and 1 
on the right side. These malformations, sometimes 
immediately fatal, scarcely permit survival beyond a 
year. They result from the persistence of the posterior 
pleuroperitoneal sulcus, and the viscera enter the 
thorax through the foramen of Bochdaleck, produc- 
ing grave cardiorespiratory changes—dyspnea, cy- 
anosis, and dextrocardia. The diagnosis, which should 
be made as soon as possible, is based on the roent- 
genologic examination. Plain films will show identifi- 
able gas patterns in the left base or an opacity caused 
by the liver in the right hemithorax, while contrast 
studies made with lipiodol will show normal place- 
ment of the stomach and the presence of intestinal 
loops in the thorax. Laminagrams demonstrate dis- 
placement of the lung and are particularly useful in 
right-sided hernias. Barium enema studies are of 
value in outlining the anterior hernias through the 
foramen of Larrey. The clinical findings and roent- 
genologic signs suffice to identify the hernias easily 
and to differentiate them from eventrations, dia- 
phragmatic paralysis, air-filled cysts and bullous 
emphysema of the left base. 

Modern operative technique permits the salvage 
of 8 out of 10 of these newborns.—Frank A. Riebel, 
M.D. 


Popesta, Horacio, and ArLA, JuLIO ERNEsTO. 
Miositis primaria del diafragma; sindrome de 
Hedblom. (Primary myositis of the dia- 
phragm; Hedblom’s syndrome.) Prensa méd. 

argent., May 23, 1958, 45, 2024-2028. (Ad- 

dress: V. Lépez 1857, Buenos Aires, Argen- 
tina.) 


An inflammation of the diaphragm may cause ele- 
vation and immobility in the absence of obvious ab- 
dominal, mediastinal, pleural, or pulmonary lesions 
or of lesions of the phrenic nerve. The symptom is 
pain around the costal margin, which at times may be 
referred to the shoulder. 

The pathologic changes in the diaphragm indicate 
an exudative and proliferative type of inflammation. 
Muscular fibers are replaced by fibrous tissue, after 
which flattening of the diaphragm, elevation, and 
immobility occur. 

The therapy is asymptomatic, antibiotics being 
indicated for secondary infection.—Charles M. Nice, 


Fr., M.D. 
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ScHATZKI, STEFAN C., and Bape, R. 
Emergency x-ray examination in the diag- 
nosis of severe upper gastrointestinal bleed- 
ing. New England ‘f. Med., Nov. 6, 1958, 259, 
gio-g12. (From: The Department of Radi- 
ology, Massachusetts General Hospital, Bos- 
ton, Mass.) 


The authors review an unselected series of acute, 
massive upper gastrointestinal bleeders including 108 
patients. 

The best chance for definitive diagnosis is within 
the first thirty-six hours after the onset of bleeding. 
Three out of 4 cases were given specific diagnoses. In 
half of the cases not diagnosed within the first 
thirty-six hours, the bleeding point was not found 
during the hospitalization. The technique of exami- 
nation is not discussed but the standard references 
are given. The authors believe that, after the patient 
is out of shock, the stomach should be aspirated of 
all possible blood and secretions and that the gastric 
tube should be removed before the examination. 

The authors conclude that delay in examination of 
an acute bleeder may interfere with the management 
of the patient, may lead to blind exploration and 
may result in a not more but rather less accurate di- 
agnosis as compared with the early examination. 


Martin A. Thomas, M.D. 


Jounson, GeorGeE F., and Wricut, ORVILLE. 
Eosinophilic infiltration of the stomach. 
Radiology, Sept., 1958, 77, 415-419. (Ad- 
dress: 2197 Los Arrow Drive, Dayton 9, 


Ohio.) 


The authors present a case of eosinophilic infiltra- 
tion of the stomach along with a review of the litera- 
ture. This probably represents the first such case re- 
ported in which a provisional diagnosis was made 
roentgenographically and subsequently confirmed by 
surgical excision and pathologic examination. 

The patient, a fifty-three year old married white 
woman, was first seen with a two week history of 
postprandial epigastric pain associated with occa- 
sional vomiting. She was known to be sensitive to 
sulfa drugs and, for the prior two months, she had 
been experiencing asthmatic attacks. The physical 
examination was within normal limits except for a 
right upper quadrant incisional hernia, occasional 
irregular cardiac ventricular contractions, and wheez- 
ing type of respiration. The initial blood cell count 
revealed an eosinophilia of 54 per cent and after being 
repeated of 45 per cent. An upper gastrointestinal 
study demonstrated slight gastric dilatation, no ap- 
parent peristalsis, and delayed gastric emptying. 
This study was repeated two days later with the 
findings of slightly more gastric dilatation, no visible 
peristalsis, and no delay in gastric emptying. The 
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small bowel loops were noted to be slightly dilated. 

In view of the roentgenologic findings and the 
eosinophila the radiologist suggested infiltrative 
eosinophilic gastritis and enteritis as the most likely 
possibility. The patient subsequently was subjected 
to abdominal exploration, at which time 2,000 cc. of 
straw-colored fluid was found in the peritoneal cav- 
ity. Due to the presence of thickening and a question- 
able mass involving the distal end of the stomach a 
subtotal gastric resection was performed. Micro- 
scopic examination of the specimen revealed a thick 
pyloric wall and antrum and marked eosinophilic in- 
filtration of all layers of the stomach including the 
mucosa and serosa. The patient’s convalescence was 
uneventful. A follow-up blood cell count on the 
eighth postoperative day disclosed a residual eosino- 
philia of 16 per cent. 

This case and the other recorded cases of diffuse 
eosinophilic infiltration of the stomach seem to be 
entirely separate from the localized eosinophilic 
tumefactions as originally described by Vanek where- 
in the patients have no allergic history and no eosino- 
philia. The case reported here lends support to the 
basic supposition that the eosinophilic infiltration is 
an additional manifestation of an allergic condition. 
The authors suggest that, in the situation of an adult 
with eosinophilia and epigastric distress, the follow- 
ing roentgenologic findings may be diagnostic of 
diffuse gastric eosinophilic infiltration: (1) initial 
fluid retention with mild to moderate gastric dilata- 
tion; (2) little or no gastric peristalsis; and (3) gastric 
emptying within three to four hours despite peristal- 
tic alteration. The presence of abdominal fluid and 
small bowel dilatation with an altered mucosal pat- 
tern may be additional diagnostic evidence.— 


Edward B. Best, M.D. 


Ravircu, Mark M. Intussusception in infancy 
and childhood; an analysis of seventy-seven 
cases treated by barium enema. New England 
J. Med., Nov. 27, 1958, 259, 1058-1064. 
(From: The Department of Surgery, Johns 
Hopkins University and Hospital, and Balti- 
more City Hospitals, Baltimore, Md.) 


The value of reduction of intussusception by 
barium enema was proven in a series of 77 cases. In 
this series 69 per cent were relieved by barium enema 
alone. In § cases operation was done to merely con- 
firm the fact of complete reduction, so actually 75 
per cent is a more accurate figure. 

The importance of early diagnosis is stressed. The 
fatalities were directly proportional to delay or error 
in diagnosis. 

The procedure is carried out with the operating 
room in readiness. The barium canister is raised no 
higher than 33 feet from the table top and no manual 
pressure is used. The buttocks are strapped together 
and a balloon obturator employed. If the reduction 
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is not completed and no progress is made in moving 
the opaque column after ten to fifteen minutes, the 
attempt should be abandoned and operation pro- 
ceeded with. However, if only a little progress, no 
matter how slowly, is made, the attempt should be 
persisted in. It is important also, that a large portion 
of the small bowel be filled to insure complete re- 
duction. 

The causes found for intussusception in this series 
were: Meckel’s diverticulum (5 cases); large lym- 
phoid patch (1 case); polyps (5 cases); and ectopic 
pancreatic tissue (1 case). 

It is stressed that a barium enema reduction of 
intussusception is a surgical procedure performed by 
surgeons while the operating room is held in readi- 
ness. Gangrenous bowel will not be reduced and per- 
foration of the intestine will not occur if the canister 
is kept 33 feet above the table top and no manual 
pressure is exerted.—Eva S. Carey, M.D. 


Traissac, F.-J., Leger, H., Dasanie, J., and 
SEHABIAGUE, L. (Bordeaux, France.) Car- 
cinoide du gréle avec métastases hépatiques 
et rétrécissement pulmonaire. (Carcinoid of 
the small intestine with hepatic metastases 
and pulmonary stenosis.) Arch. mal. app. 
digest., Oct., 1958, 47, 1082-1094. 

The authors report a case of carcinoid of the small 
intestine associated with a progressive development 
of pulmonary stenosis. 

This fifty-two year old woman also showed the 
classic phenomenon of “flush” hepatic metastases, 
and excessive serotin (130 mg. of 5 hydroxytrybta- 
mine in the urine every twenty-four hours). 

In a period of eight months the patient was 
operated on twice and, contrary to expectation, it was 
found that the hepatic metastases had diminished 
in number. 

At the second operation, after excision of the main 
tumor, the 5 hydroxytrybtamine content of the 
urine had not decreased but had increased to 165 mg. 
per twenty-four hours, thus proving the essential 
part played by the hepatic metastases in the hyper- 
secretion of serotin. This increased serotin seems to 
have a determining role in producing the right sided 
cardiopathy.—Maurice Dufresne, M.D. 


Maria Grussant, Ricarpo, and Pozo, Os- 
vaLpo O. Sarcoma reticulocelular del ileon 
terminal. (Reticulum cell sarcoma of the ter- 
minal ileum.) Prensa méd. argent., March 21, 
1958, 45, 1254-1264. (Address: Pozos 175, 
Buenos Aires, Argentina.) 


Tumors of the small bowel are often missed be- 
cause of the difficulty in visualizing them on roent- 
genologic examination. When a patient shows anemia, 
weight loss, melena, and vague gastrointestinal symp- 
toms, it behooves the internist to insist that every 
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possible technique of roentgenologic examination be 
used to try to establish the diagnosis. 

One case of reticulum cell sarcoma of the ileum is 
reported. The diagnosis was finally made when the 
tumor was visualized by means of a small-bowel 
enema, which had been preceded by three negative 
upper gastrointestinal series and a conventional 
barium enema study.—/. Comas, M.D. 


CuuckeR, GeorGE N., and Gitmer, Wo. P, 
Preparation of the colon prior to barium 
enema. Radiology, Oct., 1958, 77, 570-572. 
(Address: G. N. Chucker, Chesapeake and 
Ohio Railway Hospital, Clifton Forge, Va.) 


Proper preparation of the colon prior to barium 
enema examination is of utmost importance, first of 
all to make adequate diagnosis possible, and secondly 
to avoid the added radiation incident to repeat ex- 
amination. The authors suggest the following pro- 
cedure: 


I. The day prior to examination: 

(a) A clear liquid diet or, if this is not feasible, 
at least a liquid supper. 

(b) Two ounces of castor oil at 4-6 p.m. 

(c) Nothing by mouth after midnight, juices 
permissible up to that time. 

II. The day of examination: 

(a) Omit all fluids or food prior to the exam- 
ination. 

(b) At 6 a.m., two soap suds enemas (800- 
1,000 cc.). Half of each enema is given 
with the patient lying first on his left side, 
then on the right side. 

(c) Following the above, 1,000 cc. of warm 
water containing three-quarters to one tea- 
spoon of tannic acid is instilled. (The au- 
thors found that the 1 per cent solution 
used by others caused too much irritation 
and cramping. They recommend this 
weaker solution.) 

(d) Follow with a plain water enema (1,000 
ce.). 

(e) After completion of the examination, the 
patient is returned to his room and a soap 
suds enema is given to remove the remain- 
ing barium. 


It is the authors’ belief that patients prepared in 
this way also allow excellent studies of the lumbo- 
sacral spine, pelvis, intravenous pyelograms and 
cholecystograms with very little disturbance from 
overlying gaseous shadows.—Z. Petrany, M.D. 


CrEEVEY, KENNEDY, CoHEN, JEROME L., and 
Ritey, Georce J. Pneumatosis of the de- 
scending colon. New England F. Med., Nov. 
6, 1958, 259, 912-915. (From: The Depart- 
ments of Surgery and Medicine, Samaritan 


Hospital, Troy, N. Y.) 
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The authors report a case of pneumatosis of the 
colon in a fifty-three year old female localized to a 
20 cm. area of the descending colon. The patient com- 
plained of abdominal gas and alternating diarrhea 
and constipation of three months’ duration. The 
barium enema study showed a loss of normal mucosal 
markings in the involved area with scalloping of the 
borders and compression of the lumen. The involved 
area was resected. The patient has remained in good 
general health but continues to have intermittent 
colicky pains with slight irregularity of bowel func- 
tion. 

The etiology of the condition is unknown. The 
mechanical theory that gas is forced through a break 
in the mucosa is satisfactory for some cases. How- 
ever, the majority of the cases reported by Koss in 
1952 involved the small intestine and were associated 
with peptic ulcer and obstruction of the stomach. 
Sigmoidoscopy has been implicated in some cases 
as a possible cause. 

Diagnosis may be made by noting clusters of air 
density on the survey roentgenogram of the abdo- 
men. Barium enema and upper gastrointestinal 
studies aid in confirming the diagnosis and localizing 
the involved bowel. 

Generally, pneumatosis is a benign condition sec- 
ondary in nature. Treatment is that of the primary 
cause. Surgery is not recommended when the con- 
dition is diagnosed prior to laparotomy. When a 
localized lesion is unexpectedly encountered at sur- 
gery, the authors believe resection advisable.— 


Martin A. Thomas, M.D. 


FEINBERG, S. B., and Lester, R. G. Roentgen 
examination of the gastrointestinal tract as 
an aid in the diagnosis of acute and subacute 
reticuloendotheliosis. Radiology, Oct., 1958, 
71, 525-533. (Address: S. B. Feinberg, 737 
EF. 22nd St., Minneapolis 4, Minn.) 


The authors describe a previously unrecognized 
roentgen finding in the gastrointestinal tract of pa- 
tients with reticuloendotheliosis. This consists of an 
abnormal mucosal pattern and altered motility of 
the small bowel. 

Two cases of reticuloendotheliosis with their gas- 
trointestinal findings are reported. One patient, a 
nine-month old male infant with acute reticuloendo- 
theliosis, was examined because of vomiting and dis- 
tention. The barium study revealed an abnormal 
mucosal pattern of the duodenum and jejunum 
which varied from complete effacement in some areas 
to a coarsened and granular, somewhat pebble-like 
appearance in other areas. The distal ileum presented 
some segmentation and flocculation, with less strik- 
ing mucosal alteration. A postmortem examination 
revealed a thick small bowel wall due to reticulo- 
endothelial mononuclear cell invasion. The second 
patient, a three-year old female with subacute reticu- 
loendotheliosis, was recalled as a result of the above 
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study and similarly examined. She was found to have 
a coarse mucosal pattern in the jejunum and ileum 
and definite segmentation of barium in the distal 
small bowel. Subsequent study of the University of 
Minnesota files from 1932 through 1957 disclosed 22 
proved cases of reticuloendotheliosis, of which 11 
were acute forms of the disease. Seven of the 11 acute 
cases were found at autopsy to have intestinal and 
/or mesenteric lymph node involvement and 6 of 
the 7 had exhibited gastrointestinal symptoms of 
either vomiting, distention or diarrhea. From the 
above findings the conclusion was reached that the 
acute reticuloendothelioses are more likely to pre- 
sent gastrointestinal symptomatology. 

Obviously a gastrointestinal examination is not 
indicated in cases with the typical or classical find- 
ings of reticuloendotheliosis. However, a routine 
barium examination is advocated in all instances of 
vomiting and diarrhea since these may be the only 
clinical symptoms in atypical reticuloendotheliosis. 
In such instances, the recognition of abnormal mo- 
tility and mucosal patterns, as described, could give 
the initial clue leading to the performance of ac- 
cepted laboratory procedures for a final diagnosis.— 


Edward B. Best, M.D. 


Cutver, Gorpon J., PERERA, Rusens Mar- 
CONDES, and SEIBEL, Roy. Radiographic fea- 
tures of rectosigmoid endometriosis. 4m. F. 
Obst. S Gynec., Dec., 1958, 76, 1176-1184. 
(From: The University of Buffalo School of 
Medicine, Buffalo General Hospital, and 
Buffalo Deaconess Hospital, Buffalo, N. Y.) 


The condition referred to as endometriosis is not 
uncommon in gynecologic practice. Through several 
routes, endometrium can invade or become im- 
planted upon practically every pelvic organ and more 
rarely upon extrapelvic organs. 

Benign endometrial cells are capable of dissemina- 
tion and metastasis along the same pathways 
followed by endometrial adenocarcinoma. By direct 
extension or by lymphatic spread to adjacent serosal 
surfaces, the endometrial cells can become im- 
planted upon the intestines. Because of their close 
proximity, the rectum and rectosigmoid colon are 
the most frequently involved segments (70 to 80 per 
cent of the reported cases). However, many cases of 
involvement of the small intestine and of the appen- 
dix have also been reported. 

The roentgen-ray findings of rectosigmoid endo- 
metriosis by barium enema can be classified into 2 
groups: constricting and nonconstricting lesions. Im- 
plants on portions of the bowel which are freely 
suspended by a mesentery are less likely to become 
constricting lesions than are implants upon portions 
of the bowel which are partially extraperitoneal and 
more firmly attached. 

In constricting lesions the following roentgeno- 
graphic changes are noted: Annular narrowing of 
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variable length, usually relatively short, with or 
without an associated filling defect caused by the 
endometrial tumor. Most frequently the narrowing 
tends to be eccentric. The area of involvement is 
sharply demarcated. The lesions are usually fixed 
and tender when palpated under fluoroscopic obser- 
vation. Most important is the fact that the mucosal 
folds are intact through the lesions. 

In nonconstricting endometriosis the findings are 
different. A submucosal tumor is demonstrated with 
normal mucosa overlying and surrounding the lesion. 
The extraluminal extent of the lesion may produce 
varying degrees of displacement of the bowel. A 
localized spastic and irritable segment of bowel is 
seen above and below the lesion. 

Seven cases and 8 good illustrations make this an 
excellent article to read in full.—Eugene ‘f. Mc- 
Donald, M.D. 
ANTONIAzzI, Bruno. Le metastasi gastroin- 

testinali da carcinomi dell’utero. (Gastro- 

intestinal metastases from carcinoma of the 

uterus.) Radiol. med., Nov., 1958, 74, 1043- 

1049. (From: Istituto di Radiologia della 

Universita, Milano, Italy.) 


The author has reviewed the literature and affirms 
that the various investigators have noted that metas- 
tasis from carcinoma of the uterus via the vascular 
channels is indeed a rare occurrence. It is only 
slightly more frequent in malignancy of the cervical 
portion of the uterus. 

A summary of the lymphatic and venous pathways 
indicates that the course of the metastases is even- 
tually through the superior and inferior venae cavae 
through the heart to the pulmonary circulation. The 
ultimate destinations are principally the lungs, the 
brain and the skeleton. There is also the possibility 
of metastases through the portal system. This may 
occur in two ways: (1) by extension to the perito- 
neum, thence through the venous flow of the portal 
and inferior caval systems; and (2) by the known 
direct anastomoses between the portal and inferior 
caval systems. 

The author presents 2 cases of metastases from 
carcinoma of the uterus, one to the proximal portion 
of the transverse colon and the other to the pyloric 
antrum, which are considered in the light of the pre- 
vious discussion.—Anthony A. Blasi, M.D. 


Rose, J. Duprievp. Serial cholecystography; a 
means of preoperative diagnosis of biliary 
dyskinesia. 4.M.A. Arch. Surg., Jan., 1959, 
78, 56-66. (Address: 35 Eslington Terrace, 
Tyne 2, England.) 

Biliary dyskinesia may be defined as a disorder of 
the motility of the biliary tract. The author feels 
that it is a frequent occurrence. Serial cholecystog- 
raphy gives the patient minimum discomfort and is 


the method of choice in the majority of cases for the 
investigation of this condition, 

Fourteen hours after a single dose of iopanoic acid 
(telepaque) anteroposterior and lateral roentgeno- 
grams of the gallbladder region are made with the 
patient supine. If the gallbladder is not seen clearly 
or if gallstones are present, the examination is diss 
continued. If the gallbladder is opacified, the patient 
is given 100 cc. of ice-cold isotonic saline to drink and 
is kept in the prone position for five minutes. Then 
a standard fatty meal is administered and the pa- 
tient is turned into the supine position. Antero- 
posterior and lateral roentgenograms are subse- 
quently made at ten, twenty, thirty and eighty 
minutes after the fatty meal. Subsequently the gall- 
bladder shadows are traced and the volume com- 
puted. The angle between the long axis of the gall- 
bladder and the long axis of the spine in the lateral 
view, the angle of erection, is also measured. 

The study of the evacuation curve in conjunction 
with the curve of the angles of erection is the most 
important factor in making a diagnosis of functional 
abnormalities of the biliary tract. With moderate 
insufficiency of evacuation there may be vesicular 
hypertonia in such condition as cystic duct obstruc- 
tion or infundibulocystic kinking. The initial volume 
of the gallbladder may be greater than normal in 
cases of spasm of the sphincter of Oddi or other com- 
mon duct obstructions. On the other hand, insuff- 
ciency of evacuation may be associated with vesi- 
cular hypotonia. When a gallbladder evacuates very 
rapidly there may be hypertonia such as in func- 
tional dyskinesia with parasympathetic predomi- 
nance or it may be secondary to neighboring inflam- 
matory lesions such as duodenitis or ulcer. Rapid 
emptying can also be associated with hypotonia when 
there is loss of tone of the sphincter of Oddi. 

It is felt that biliary dyskinesia is present in more 
than two-thirds of patients who come to consultation 
with what might be called symptoms of biliary-tract 
disorder. Serial cholecystography is a much more 
accurate method of diagnosis in these cases than is 
clinical examination alone or “‘classical’’ cholecys- 
tography.—Arthur E. Childe, M.D. 


Jurras, Apert, Lonetin, Marcer, and 
Lévesque, Henri-Paut. La cholestérolose 
et ses manifestations radiologiques. (Cho- 
lesterolosis and its radiologic manifestations.) 
Ann. de Radiol., 1958, 7, 179-210. (From: 
Départments de Radiologie de |’Hétel-Dieu 
de Montréal et de l'Université de Montréal, 
Montréal, Canada.) 


Cholesterolosis, also referred to as strawberry gall- 
bladder, is a pathologic condition characterized by 
the deposition of certain lipoid substances on the 
inner aspect of the gallbladder wall within the mu- 
cosa. This condition of relatively frequent occur- 
rence is well known to pathologists but has been the 
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subject of little interest, if any, to the clinician and 
the radiologist. 

The authors stress the histopathologic findings as 
a basis for understanding and interpreting the roent- 
genologic manifestations. 

Cholesterolosis may be classified into two types: 
(1) diffuse, micronodular, or so-called strawberry 
gallbladder (the latter term is not considered truly 
applicable and is not recommended). In this type 
cholesterol deposits are within and on the epithelium 
of the gallbladder wall, appearing as round or elon- 
gated granules. This results in irregular serrations of 
the silhouette or contour of the gallbladder when 
filled with the contrast medium; and (2) localized or 
polypoid. In this type, the cholesterol deposits involve 
a limited area of the gallbladder mucosa which is 
sharply defined. This may be solitary or multiple, 
sessile or more or less pedunculated. The lesions 
present fixed, well defined filling defects on the 
roentgenogram, particularly in the tangential pro- 
jections. They are frequently multiple and may occur 
at any level of the inner wall of the gallbladder. The 
size of each lesion does not exceed 1 cm., and is 
usually 0.5 cm. or less. Solitary lesions tend to occur 
in the mid-third while multiple lesions may be dis- 
tributed throughout. 

It is not possible to determine from the roentgeno- 
logic appearance the true type or histology of a le- 
sion. Ditterential diagnosis includes a true papilloma 
(considered neoplastic, benign, though potentially 
malignant) or an inflammatory adenoma. Not in- 
frequently neuromatosis is observed within the 
mucosa, often associated with cholesterolosis. This 
condition is referred to as neurolipoidosis. 

The authors stress the importance of using the 
term polyp to designate all filling defects, be they 
single or multiple. The term papilloma or adenoma 
should be reserved for the distinctive types of lesions 
which are neoplastic or inflammatory, respectively. 

Improvement in technique and better contrast 
media have helped in improving the diagnosis. Once 
suspected, the polypoid lesion can be confirmed by 
repetition of the examination as well as by the use 
of compression spot roentgenograms. A high index 
of suspicion should be maintained. While increased 
density of the contrast medium may obscure the 
tumor, in the filled gallbladder better delineation 
occurs with sharper definition of the tumor. De- 
layed roentgenograms with greater emptying often 
reveal the presence of several defects in addition to 
the one originally suspected. 

The indirect roentgen signs are: (1) excessive or 
high concentration of the contents of the gallbladder 
due to increased absorption through an increased 
mucosal surface; (2) hyperkinesia or rapid and early 
emptying in quick response to the stimulus of a fat 
meal. The degree of thrust of the emptying of the 
bile into the upper gastrointestinal tract may be ac- 
companied by spontaneous pain and disgestive dis- 
comfort. The authors believe that hyperkinesia, in 
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part, is due to increased nerve tissue element pro- 
liferation, with the association of neuromatosis and 
cholesterolosis, so-called neurolipoidosis. 

In a series of 609 oral cholecystographies, 46 pa- 
tients had cholesterolosis: 41 or 86 per cent had 
shadows of normal or above normal density; 4 had 
shadows below normal density and in 1 the gall- 
bladder did not visualize because of a calculus im- 
pacted at the gallbladder neck. 

Six tables, 26 beautiful reproductions of roent- 
genograms and photomicrographs, and 4 colored 
plates of anatomic specimens accompany this ex- 
cellent and comprehensive article—William H. 
Shehadi, M.D. 


LEPENNETIER, F., Picarp, J. M., and Her- 
NANDEZ, CL. (Paris, France.) Calculus vési- 
culaires flottants et mégacystique calculeux. 
(Floating gallstones and stone in dilated 
cystic duct.) ¥. de radiol., d’électrol. et de méd. 
nucléaire, Nov., 1958, 39, 742-745. 


The authors’ case showed floating gallstones in 
addition to a giant cystic duct dilatation resulting 
from a partly obstructing calculus. Usually when the 
gallbladder is visualized by means of oral contrast 
media, as in this instance, the dependent bile is the 
denser, the supernatant bile is less opaque and a clear 
zone between them represents calculi. Quoting 
Pelissier et a/., however, the authors point out that 
calculi can be erroneously diagnosed when the study 
is made with intravenously administered contrast 
media. If roentgenograms are taken in the erect 
position, the supernatant fluid is more opaque since 
its source is the liver; transiently, some of this 
iodized bile may flow down along the wall of the 
gallbladder and may opacify the fundus as well, 
leaving an intermediate clear zone.—Frank 4. 


Riebel, M.D. 


Lasata, Aritio J., and Saporra, José AL- 
BERTO. Fistulas biliodigestivas espontaneas; 
nuestra experiencia con §1 casos. (Spontane- 
ous bilidigestive fistulas; experience with 51 
cases.) Rev. Brasil. de gastroenterol., June— 
Aug., 1958, 70, 147-156. (Address: Dr. A. J. 
Lasala e Col, Buenos Aires, Argentina.) 


Spontaneous bilidigestive fistulas occur most 
frequently between the gallbladder and duodenum, 
but are also seen communicating with the stomach 
and colon. At times, the surgeon may find such a 
fistula when operating upon a patient who has an 
intense pericholecystitis. Apparently most of these 
fistulas originate in the gallbladder, sometimes per- 
haps caused by simple erosion due to gallstones, at 
other times by inflammations, either in the gall- 
bladder or in the surrounding tissues. 

The presence of air in the biliary tree on roent- 
genographic examination is a very suspicious finding 
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unless the patient has had a previous sphinc- 
terotomy at the sphincter of Oddi. Also, barium may 
be seen filling a fistula following barium meal or bar- 
ium enema studies. Although not specifically men- 
tioned in this paper, occasionally, carcinomas, such 
as in the proximal portion of the transverse colon, 
may be the starting point of a fistula between the 
gallbladder and the colon. Another type of fistula is 
sometimes caused by an erosion of the stone through 
the distal portion of the common duct into the 
nearby duodenum, thereby creating a definite fistu- 
lous tract.—Charles M. Nice, Fr., M.D. 


Cimmino, CuristiAn V. Carcinoma in a well- 
functioning gallbladder. Radiology, Oct., 
1958, 77, 563-564. (Address: Mary Wash- 
ington Hospital, Fredericksburg, Va.) 


The author reports a case of carcinoma of the 
gallbladder with excellent ‘concentration of the con- 
trast medium. A constant filling defect measuring 
5X10 mm., which was fixed to the medial wall of 
the gallbladder, was seen in the contrast medium. 
Study of the surgical specimen disclosed that this was 
a frank “‘papillary adenocarcinoma, non-invasive.” 

Noncalculous filling defects within the gallbladder 
can be divided as follows: (1) metabolic—which are 
usually small and multiple; (2) inflammatory— 
usually occurring in a gallbladder with poor concen- 
trating power; (3) neoplastic—usually a single lesion; 
and (4) malformations. No accurate criteria are 
available for accurate differential diagnosis of these 
noncalculous defects. For this reason, the author 
feels that all such filling defects constitute an ade- 
quate indication for surgical exploration. lest a 
malignant or potentially malignant lesion be missed. 
—Arno W. Sommer, M.D. 


Frank, A. Uber den Wert des Schichtver- 
fahrens bei der Cholangio-Cholezystography. 
(The value of laminagraphy in cholecysto- 
cholangiography.)  Radiologia Austriaca, 
1958, zo, No. 1, 41-47. (From: Zentral- 
rontgeninstitut der Krankenanstalt Rudolf- 
stiftung, Boerhavegasse 8, Wien III, Aus- 
tria.) 


The author examined the biliary system with 
laminagraphic procedures in 240 patients. Routine 
gallbladder examinations with intravenous bili- 
grafin may give poor contrast in heavy patients; in 
addition, overlying intestinal gas may cause con- 
fusing shadows. This is expecially true when bili- 
grafin is used for visualization of the biliary duct 
system. The fact that the hepatic, cystic, and com- 
mon duct lie in one level is the anatomic basis for 
laminagraphic studies of the biliary system. This 
examination is less helpful in demonstrating the gall- 
bladder, since this organ occupies an oblique posi- 
tion. 
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It has been found that 40 cc. of intravenously in- 
jected 30 per cent biligrafin gives better visualiza- 
tion of the biliary ducts than 20 cc. of 50 per cent 
biligrafin. This is probably because a larger dose of 
the less concentrated contrast material results in a 
more protracted excretion. Fifty minutes after the 
injection, the patient is placed in the supine position 
with his right side elevated 20 to 30 degrees. Lamina- 
grams are taken at a depth of 6, 7, and 8 cm. or of 
7, 8, and 9 cm. Three laminagrams usually suffice. 
The rountine cholecystograms are taken two hours 
after the injection. 

By using the above procedure the diagnostic ac- 
curacy was improved in 5 per cent of the patients, 
especially in those with stones in the ducts. The au- 
thor reports several cases (proven by illustrations) in 
which a stone could not be identified on the routine 
gallbladder examination with biligrafin, whereas the 
laminagram demonstrated the calculus very clearly. 

The author prefers the laminagraphic examination 
of the biliary system to operative cholangiography. 
It is important, however, that this diagnostic pro- 
cedure be done shortly before surgery. 

This examination may also prove helpful in the 
future for the diagnosis of tumors of the biliary sys- 
tem.—Wolfgang H. Steinmetz, M.D. 


SEVERIN, G., and Franzen, J. Baygnostil, ein 
neues trijodiertes orales Gallenkontrast- 
mittel. (Baygnostil, a new trilodide oral gall- 
bladder contrast medium.) Chirurg, Dec. 
1958, 72, §50-552. (From: Ro6ntgen- und 
Strahleninstitut der Johannes Gutenberg- 
Universitat, Mainz, Germany.) 


The authors report the use of a new oral gall- 
bladder contrast medium, baygnostil (Bayer), on 
400 patients ranging from sixteen to seventy-six 
years of age. It is the 2, 4, 6-triiodo alpha butyric 
acid with 68.2 per cent iodine content by weight. It 
has a very low toxicity and the LDso for mice is 
5.0/kg. for oral administration. No vomiting, diar- 
rhea or flatulence was observed and only occasionally 
a disturbing residual contrast substance remained in 
the intestines. 

The image density is much superior to that ob- 
tained with bivalent iodine preparations, although 
this is not advantageous in every case, as small con- 
cretions may be overshadowed with too much con- 
trast. On the other hand, the high iodine content 
may produce visualization of the gallbladder with 
less concentration or when the patient is obese. 

The authors did not find the intravenous cho- 
langiogram to be much superior to the oral chol- 
angiogram by baygnostil in the visualization of the 
gallbladder. 

The method of examination is as follows: twelve 
to sixteen hours after the oral administration of 3 gm. 
of baygnostil in 6 tablets, a survey Bucky roentgeno- 
gram is made in the oblique projection. This is 
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followed with spot roentgenograms under fluoro- 
scopic control in various projections in the prone and 
erect postures. A final examination is made approxi- 

mately forty-five minutes after a fatty meal. Often 
the bile ducts are visualized twenty to thirty minutes 
after a fatty meal with a good gallbladder response. 
It is important, however, in these cases to make 
stereoscopic roentgenograms in two planes, taking 
the topographic-anatomic relations into considera- 
tion.—Salomon Silvera, M.D. 


Jones, Matcoitm D., Saka, Hsajia, and 
RoGerson, ALEXANDER G. Intravenous chol- 
angiography in children with fibrocystic dis- 
ease of the pancreas; a pilot study. ¥. Pediat., 
Aug., 1958, 53, 172-179. (From: The Depart- 
ments of Radiology and Pediatrics, Uni- 
versity of California, School of Medicine, 
San Francisco, Calif.) 


This investigation was undertaken in an attempt 
to study the biliary ducts and detect abnormalities 
which might possibly be associated with fibrocystic 
disease of the pancreas. 

Seventeen children were examined with an age 
range between nineteen months and eleven years. 
The diagnosis was made on the basis of clinical find- 
ings, roentgenograms of the chest and the lack or 
depression of pancreatic enzymes. One of these pa- 
tients was subsequently reclassified as normal and 
was used as a control. All underwent the usual 
therapy. 

The method of examination with the usual pre- 
study routine was carried out and then 1.0 cc. per 
2 kg. of weight of cholografin was injected intra- 
venously up to a maximum of 20 cc. This was done 
over a ten minute period. Preinjection roentgeno- 
grams were made, followed by conventional roent- 
genograms and laminagrams after injection. The pa- 
tients were kept supine and on occasion stereoscopic 
roentgenograms were also made. 

Of interest was the rapid appearance of the con- 
trast medium in the biliary ducts which was often 
noted within two minutes following completion of the 
injection. The laminagrams were valuable in many 
instances. The visualization of the bilary ducts was 
good in approximately half of the patients and fair to 
poor in the rest. Most exhibited some collection of 
the cholografin in the gallbladder, while 7 of the 16 
showed poor urinary excretion. The intrahepatic 
ducts were described as broad in 7 and narrow in 6 
patients. It seemed that the younger the patient 
when the disease was diagnosed the more frequently 
the broad pattern of the ducts occurred. 

The use of intravenous cholangiography in pa- 
tients with fibrocystic disease of the pancreas does 
not seem to lend itself to any particularly prognostic 
or diagnostic conclusions.—fohn L. Gwinn, M.D. 


Hepp, Jacques, and Moreaux, JEAN. (Paris, 
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France.) Documents sur les pancréatites avec 
calcifications. (Pancreatitis with calcifica- 
tions.) Arch. mal. app. digest., Oct., 1958, 47, 
1057-1072. 


Valuable observations on pancreatitis with calci- 
fication were made on 13 patients subjected to sur- 
gery. Young men seem to be mostly affected. This 
disorder is apparently independent of biliary lithiasis 
and in g of the 13 cases it coincides with chronic 
alcoholism. The surgical indication is based on the 
violence of the pain syndrome. Roentgenographic 
findings of calcification enable a precise diagnosis to 
be made. The presence of a total or localized portal 
hypertension, as well as the effect in the main biliary 
tract, are essential factors in determining the surgical 
procedure. 

There are three types of pancreatic lesions: (1) 
atrophic; (2) hypertrophic with distention of the 
canal; and (3) cavitary with a pseudocyst. 

Pancreatography allows a detailed study of the 
duct of Wirsung and influences the choice of a pan- 
creatic operation. Of the 13 patients, 11 underwent 
a pancreatic operation and 12 a biliary operation. 

The results are discussed and attention drawn to 
the later possible occurrence of diabetes.—Maurice 


Dufresne, M.D. 


Baestra, Epmonpo. Sulle distopie spleniche; 
(con particolare riguardo ai rapporti di 
milze ectopiche con lo stomaco ed all’inter- 
posizione gastro-diaframmatica della milza). 
(On splenic ectopia [with particular attention 
to the relationship of the stomach to the 
ectopic spleen and to gastrodiaphragmatic 
interposition of the spleen].) Radiol. med., 
Nov., 1958, 44, 1025-1043. (From: Istituto 
di Radiologia dell’Universita, Genova, Italy.) 


Splenic ectopia may be caused by: (1) congenital 
factors, principally, development in an anomalous 
site and laxity of ligaments; and (2) acquired factors, 
namely, hypertrophy, perisplenitis, and changes in 
intra-abdominal pressure. 

Symptomatology may be lacking or atypical, par- 
ticularly in compression of the greater curvature of 
the stomach. In cases of gastrodiaphragmatic inter- 
position, symptoms prevail because of irritation of 
the fundus of the stomach and interference with 
cardiac function. 

The author describes 13 of his own cases. In one, 
the spleen which was congenitally ectopic and de- 
formed, although of a normal volume, compressed 
the greater curvature of the stomach simulating a 
neoplasm. In the other cases, the spleen was inter- 
posed between the stomach and the diaphragm. In 
two of these, a carcinoma of respectively the fundus 
and the body of the stomach was also present. 

An interesting case is reported in which there was 
a postoperative eventration of the diaphragm with a 
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protrusion of the spleen into the thoracic cavity 
simulating a diaphragmatic herniation.—Peter P. 


Brancucci, M.D. 


GYNECOLOGY AND OBSTETRICS 


GraBER, Epwarp A., Barer, R. K., and 
O’Rourke, J. X-ray pelvimetry. 4m. 
F. Obst. & Gynec., Jan., 1958, 77, 28-33. 
(From: Obstetrical Services of Lenox Hill 
Hospital and St. Clare’s Hospital, New 
York, N. Y.) 


The authors have reviewed 242 cases of roentgen- 
ray pelvimetry reported by 18 different radiologists. 
The prognostic accuracy was correct in 3 out of 4 
cases but the degree of error was much higher in 
borderline situations where the obstetrician needed 
the most help. The greatest percentage of error re- 
sulted from the inability tof the roentgenologist to 
judge the size of the fetal head, regardless of the 
method used. 

Roentgen-ray pelvimetry is a laboratory adjunct 
to the physician’s clinical judgment. The roentgen- 
ologist usually has no intimate knowledge of the 
clinical mechanisms of the various presentations and 
positions, the patient’s parity and age, the condition 
of her soft tissues, her emotional stability, the 
strength and character of her uterine contractions 
and her progress during labor. He should report what 
he sees but the outcome of delivery should not be 
expected as a part of his evaluation. The obstetrician 
should not be intimidated by the roentgenogram, 
for an adequate trial of labor is still the best way of 
testing pelvic capacity. 

The usual indications for pelvimetry are too broad 
and should be changed. Its use can be diminished 
about 70 per cent if the indications are reduced to: 
(1) malpresentation and (2) lack of satisfactory 
progress in labor. For maximum information pelvim- 
etry should be carried out only while the patient 
is in labor.—Arthur E. Childe, M.D. 


Bruser, Micuaer. A simple and accurate 
method of x-ray pelvimetry. Radiology, Oct. 
1958, 77, 565-569. (Address: Mall Medical 
Group, Memorial Blvd. at St. Mary’s, 
Winnipeg 1, Manitoba, Canada.) 


The author describes a simplified method of 
roentgen pelvimetry based on an isometric 90° tri- 
angulation technique which requires but two films. 
A special seat has been devised which consists of 
adjoining horizontal and vertical cassette chambers 
with an attached adjustable back rest. A metal scale 
is incorporated in the seat directly over the hori- 
zontal cassette chamber. The patient is placed in the 
special seat and the back rest adjusted to produce a 
true inlet film. The inlet and lateral films are suc- 
cessively exposed using a fixed target-film distance 
of 40 inches for both films. The corrected pelvic 


measurements are then taken directly from the films 
using a transparent correction scale which is de- 
scribed and illustrated. For more specific details the 
original article is recommended. 

The advantages claimed for this technique are: it 
requires the technician to make only one measure- 
ment; namely, the focal-film distance; any error can 
readily be noted; and it is rapid and easy for the 
patient, requiring a minimum of movement and only 
two exposures. The author states in summary that 
although the technique is probably of maximum ac- 
curacy and simplicity, further experimentation and 
testing are required if optimum results are to be 
achieved. Criticism of the technique is invited.— 


Edward B. Best, M.D. 


Rogperts, Leonarp M., Squire, Jack J., 
GuTTMACHER, ALAN F., and Marsuak, 
RicuHarp. Intrapartum lateral x-ray in the 
conduct of dystocic labors. dm. F. Obst. & 
Gynec., Dec., 1958, 76, 1306-1313. (From: 
The Departments of Obstetrics and Gyne- 
cology and Radiology, The Mount Sinai 
Hospital, New York, N. Y.) 


This study was undertaken to assay the value of 
intrapartum roentgen-ray pelvimetry in the manage- 
ment of dystocia. The etiologic factors which make 
for dystocia are familar. In an effort to differentiate 
them and to plan therapy accordingly, the authors 
have come to rely in part on the lateral roentgeno- 
gram during labor, often repeated 2 or 3 times at 
intervals. With such help during dystocic labor, more 
accurate weight can be assigned to factors such as 
bony disproportion, malpresentation, inertia, and 
soft-tissue dystocia. 

Fifty cases of dystocia in which a lateral roent- 
genogram was taken during labor have been sub- 
mitted to analysis. One lateral roentgenogram was 
taken during labor in 39 cases, two lateral roentgeno- 
grams in 7, and three in 4. When more than one 
roentgenogram was necessary during labor, they were 
taken several hours apart. The large majority of the 
50 patients has had roentgen-ray pelvimetry during 
the antepartum period because it was suspected 
clinically that some degree of pelvic contraction was 
present. 

The interischial diameter is regarded as the trans- 
verse diameter of the midpelvis. The interspinous 
diameter, though traditionally reported, is regarded 
as unimportant because it is almost always posterior 
to the center of the pelvic cavity, the larger di- 
ameters of the head descending anterior to the 
spines. Furthermore, the length of the spines strongly 
affects the interspinous diameter and yet, long spines 
do not grealy influence the course of labor since their 
very length takes them further posterior to the cen- 
ter of the pelvic cavity. 

Intrapartum pelvimetry has practically elimi- 
nated the trial of forceps on the obstetric service of 
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the Mount Sinai Hospital. This is a step in a con- 
servative direction. With the aid of pitocin in bring- 
ing the head down and the use of roentgenograms 
to show the accurate level of the biparietal diameter, 
the ease or difficulty of instrumental delivery can be 
more accurately gauged. 

The shortening of labor is of great importance and, 
as is well recognized, influences the perinatal mor- 
tality. Also, where there is borderline disproportion, 
sedation is frequently withheld in order not to di- 
minish the force of contractions, but the use of 
analgesic medication in adequate amounts is often 
feasible and even desirable when intravenous pitocin 
stimulation is employed.—Enugene McDonald, 


M.D. 


KamietH, H. Geburtstraumen des Becken- 
ringes vom Standpunkt der Réntgenologie. 
(Roentgenologic aspects of birth trauma to 
the pelvis.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen u. d. Nuklearmedizin, Dec., 1958, 89, 
694-701. (Address: Bahnhofstr. 31, Neun- 
kirchen/Saar, Germany.) 


The osteosclerotic changes in the region of the 
sacroiliac joints and the pubic symphysis, with par- 
ticular reference to birth trauma, are discussed. 

A true osteitis condensans ilii is seen in women 
only. Its diagnosis should be limited to bilateral 
sharply circumscribed juxtaarticular lesions, which 
show a triangular band-like sclerosis of the spongiosa, 
reaching at least the superior border of the ilium. It 
is always associated with pelvic relaxation. (The 
pelvic relaxation referred to herein is a pathologic 
form in contradistinction to the physiologic pelvic re- 
laxation as seen in pregnancy.) In this series of 
osteitis condensans ilii, 17 out of Ig cases were in 
parous women, the remaining two were primigravi- 
dae close to term. Pathogenetically this seems to 
suggest that this osteosclerosis is an osteoblastic 
reaction due to excessive tension of the loosened lig- 
aments, rather than a healing stage following their 
rupture in parturition. 

Apart from this entity, the author recognizes 
small round, oval or triangular, sharply demarcated 
sclerotic foci in the region of the pubic symphysis 
and the sacroiliac joints, which do not have a com- 
mon etiologic factor. These may represent a healing 
stage of traumatic rupture of ligaments and joint 
capsules, be it birth trauma or other, and are there- 
fore naturally not limited to women only. 

In relation to parturition, diastasis of the pubic 
symphysis can be regarded as a result of birth 
trauma. Not so pelvic relaxation however, which is 
an involutional failure secondary to excessive ten- 
sion on the pelvic ligaments during pregnancy.— 
Walter G. Heiman, M.D. 


SmitH, Roserr B. W., SHEEHY, THomas W., 
and Rorusperc, Harvey. Hodgkin’s disease 
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and pregnancy; case reports and a discussion 
of the treatment of Hodgkin’s disease and 
leukemia during pregnancy. 4.M.d4. Arch. 
Int. Med., Nov., 1958, 702, 777-789. (From: 
Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, Wash- 
ington, D. C.) 


A total of 21 pregnancies in 18 patients occurred 
among 56 women with Hodgkin’s disease at Walter 
Reed Army Hospital between 1942 and 1957. This 
prompted the authors to review their experience and 
the world literature on the effect of the disease and 
its treatment on pregnancy. 

In general, Hodgkin’s disease does not seem to 
affect pregnancy and pregnancy does not seem to 
attect the disease. Radiation therapy of sites distant 
from the uterus does not seem to affect the preg- 
nancy nor the infant. No cases in which deliberate 
radiation of the pregnant uterus was given could be 
found. 

Only § cases of pregnant women with Hodgkin’s 
disease treated with alkylating drugs were reported 
in the literature but 17 more were found who were 
so treated for leukemia during pregnancy. Twelve 
normal infants resulted. However, experimental evi- 
dence in mice is cited as indicating that these drugs 
have teratogenic and abortifacient properties if given 
in the first trimester of pregnancy.—Henry 7. Klos, 
M.D. 


Paotetti, I., and Gotriert, G. L’impiego dei 
mezzi di contrasto tri-jodati nello studio 
radiologico del comportamento delle vie di 
escrezione urinaria durante lo stato gravidico- 
puerperale. (Use of tri-iodo contrast media in 
the study of excretory urography during 
pregnancy and puerperium.) Ann. radiol. 
diag., 1958, 37, No. 3, 203-224. (From: Isti- 
tuto Ospedaliero Provinciale di Maternita, 
Bologna, Italy.) 


The authors review a considerable amount of 
literature pertaining to changes of the urinary tract 
during pregnancy and puerperium and the theories 
which have been advanced to explain these changes 
by previous investigators. 

Intravenous urography was done on 75 women, 61 
were pregnant and 14 post partum. As far as the au- 
thors were able to determine, no deleterious effects 
either on the mother or fetus could be detected as a 
result of this procedure. The urinary tracts of the 
fetus were not visualized in any of their cases. 

From these studies, the authors conclude that 
pyelo-ureteral alterations, (dilatations and displace- 
ments) occur in the early stages of pregnancy and 
increase in degree and frequency as the pregnancy 
progresses towards term. With the termination of 
pregnancy, they regress rapidly but may still be 
evident as long as one month later. It is their be- 
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lief, that the theories of functional and mechanical 
factors overlap in explaining the cause of these 
changes. 

The authors were well satisfied with renografin, 
since it was well tolerated by the patient, and in a 
large majority of cases the urinary tract was well 
visualized. Excretion of the contrast medium in the 
pregnant patient is delayed and allowance in time 
for film exposure must be made. 

The children, born after these studies were per- 
formed, were carefully studied and followed for 
various periods of time and nothing unusual was 
observed.—Peter EF. Russo, M.D. 


Lisker, M. Modificaciones urologicas en el em- 
barazo. (Urologic complications in preg- 
nancy.) Rev. urol., México, Sept.—Oct., 1958, 
16, 225-233. 


In most patients there is unilateral or bilateral 
dilatation of the ureter or of the ureter and renal 
pelvis during gestation. When the dilatation is uni- 
lateral, it is more likely to be on the right side. 

Experiments undertaken in nonpregnant patients 
indicate that hormones decrease the tone of the 
ureter. 

Usually the pregnancy goes to full term in spite of 
serious anomalies of position of the kidneys. The fetal 
mortality is elevated in these patients with renal 
ectopia.—Charles M. Nice, fr., M.D. 


Lowman, R. M., Donne E., and GoLDEN- 
THAL, S. Radiation reduction in diagnostic 
obstetrical radiography: The application of 
electronic photographic techniques. 4m. 7. 
Obst. & Gynec., Jan., 1959, 77, 18-27. (From: 
The Department of Radiology, The Me- 
morial Unit, Grace-New Haven Community 
Hospital, Yale Medical Center, New Haven, 
Conn.) 


The authors stress the necessity for reducing the 
exposure dose in diagnostic obstetrical roentgen- 
ology. Such studies should be restricted to those cases 
in which critical information regarding major ob- 
stetrical problems may be obtained. Techniques 
which require increased dose exposure should be dis- 
carded. 

Reduction of radiation exposure is commonly ac- 
complished by increased aluminum filtration of the 
primary beam, high speed screen combinations, high 
kilovoltage technique, higher speed films and im- 
proved processing chemicals. 

The authors have also investigated the electronic 
printing device as an additional method of reducing 
radiation exposure. Using deliberate underexposure 
with subsequent revision by automatic compensating 
electronic devices, they found it possible to reduce 
radiation in anteroposterior roentgenograms by a 
further 60 per cent and in lateral roentgenograms by 
a further 40 per cent. Such a device can also be used 
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to avoid re-examination of the maternal pelvis when 


unsatisfactory exposures have been completed.— 
Arthur E. Childe, M.D. 


Reiss, H. E., and Grossmann, Marta E. Ex- 
perience with new contrast media for hystero- 
salpingography. Obst. & Gynaec. Brit. 
Emp., Oct., 1958, 65, 782-787. (From: The 
Obstetric Unit and X-ray Diagnostic Depart- 
ment, University College Hospital, London, 


England.) 


Since the first injection of a radiopaque substance 
into the uterine cavity in 1g10, the search for an 
ideal contrast medium has continued. Rubin (1941) 
has restated the properties of an ideal contrast me- 
dium for hysterosalpingography: that it should be 
adequately opaque, rapidly absorbed, nonirritant, 
moderately viscous, and capable of being sterilized. 

Water-soluble contrast media, with their rapid and 
complete absorption, avoid the chief risks enu- 
merated; intravasation, if it occurs, is free from 
danger. The low viscosity permits accurate delinea- 
tion of the uterine and tubal cavities, reveals minute 
details of their mucosal pattern, and ensures quick 
spill which enables rapid diagnoses to be made, 
with saving in time and irradiation. Furthermore, 
the media mingle readily and completely with the 
contents of a hydrosalpinx. 

However, the unduly low viscosity of water- 
soluble contrast media may have one great disad- 
vantage: as Rubin and Morse (1939) pointed out, 
the crystalline iodine compounds used in excretory 
urography pass through the tubes so quickly that the 
latter are hardly outlined and are rapidly over- 
shadowed by the spill into the peritoneal cavity. For 
this reason various thickening agents have been 
added. 

The authors have re-examined the 200 hysterosal- 
pingograms in this series and believe that in urografin 
76 per cent, used in the last 148 of these cases, they 
have found the most satisfactory contrast medium at 
present available. It is safe, mixes well with body 
secretions and the contents of hydrosalpinges, and 
gives satisfactory contrast without obscuring fine 
details. It is completely absorbed ina short time, and 
in the majority of cases 2 roentgenograms are ade- 
quate for diagnostic purposes. Intravasation is de- 
void of risk, and screening is not necessary to guard 
against this complication. 

The authors have contrasted their water-soluble 
agents only against lipiodol which has long since been 
superseded by greatly improved and less viscous 
agents such as ethiodol. This agent and other similar 
less rapidly absorbed contrast media are not men- 
tioned.—Eugene F. McDonald, M.D. 


GENITOURINARY SYSTEM 


OcusNER, SeYMouR, and Burns, Epaar. 
Ureteritis cystica and pyelitis cystica, South. 
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M. F., Aug., 1958, 57, 951-955. (From: The 
Departments of Radiology and Urology, 
Ochsner Clinic, and Tulane University School 
of Medicine, New Orleans, La.) 


Cystic changes in the mucosal lining of the urinary 
tract are commonly visualized by urologists during 
cystoscopic study and may be demonstrated roent- 
genologically in the upper urinary tract by excretory 
urography. The cysts are usually seen in the region 
of the trigone and ureteral orifices. Grossly, they ap- 
pear as discrete translucent or gray, cyst-like bodies, 
1 to 2 mm. in diameter, scattered on the mucosal 
surface. Some are superficial and others are deeper 
in the mucosa. The lesions are considered by most 
observers to be sequelae of chronic or recurrent in- 
fection of the urinary tract. 

Clinical and urographic data are presented on 8 
cases of pyelo-ureteritis cystica. The roentgeno- 
graphic appearance is usually one of clusters of small 
round smooth filling defects. They must be differenti- 
ated from air bubbles, stones, papillary tumors, 
blood clots, and tuberculous pyelo-ureteritis.—fohn 


F. Weigen, M.D. 


ScHo.ttzeE, H., and K. F. Ront- 
genologische Studien an den ableitenden 
Harnwegen nach Lungenangiographie mit 
grossen Kontrastmittelmengen bei Lungen- 
tuberkulose. (Roentgenologic studies of the 
urinary tract following pulmonary angiogra- 
phy with large doses of contrast media in 
tuberculosis of the lung.) Tudberkulosearzt, 
Nov., 1958, 72, 717-721. (Address: H. 
Scholtze, Sanatorium Sonnenblick, Mar- 
burg/Lahn, Germany.) 


Angiography of the pulmonary vessels was per- 
formed in 200 patients with tuberculosis of the 
lung. This was a preoperative procedure for seg- 
mental resection or lobectomy. The contrast medium 
used was urografin (identical with renografin). In 50 
patients, who received between 100 and 250 ml. 
urografin per examination, renal excretion studies 
were also done. Minor sensitivity phenomena were 
observed in some of these cases. 

The renal shadow was clearly visualized by neph- 
rography in all cases, but the collecting structures 
were demonstrated in only two-thirds of the 50 pa- 
tients. A probably specific lesion of the kidney was 
observed in 6 cases and congenital anomalies of no 
pathologic significance in 8 patients. There was a 
marked dilatation of the ureter in 90 per cent of the 
patients. The causes of this are discussed. The gall- 
bladder or the extrahepatic bile ducts were never 
visualized.—Eckart Schackow, M.D. 


SKELETAL SYSTEM 
Leresvre, J., and Cuaumont, P. Le devenir du 
granulome éosinophile chez l’enfant. (Evo- 
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lution of eosinophilic granuloma in infants.) 
J. de radiol., d’électrol. et de méd. nucléaire, 
Nov., 1958, 39, 705-712. (From: Service cen- 
tral d’Electroradiologie de |’Hdpital des En- 
fants malades, Paris, France.) 


Eosinophilic granuloma has been presented in 
most of the recent French publications as a benign 
condition resulting in cure in contrast to the other 
reticuloses. The present study is based on 13 cases 
with ages ranging from eighteen months to fourteen 
years in which the disease was manifested at first by 
localized osseous lesions, confirmed histologically. 

According to the authors, the roentgen aspect of 
eosinophilic granuloma is of little prognostic sig- 
nificance, since 2 of the 13 cases in which the roent- 
genographic examination suggested a possible ma- 
lignant change have run a benign course and were 
cured. In the remaining 11 cases, there was a punched 
out radiolucent area, oval or polycyclic, without 
marginal sclerosis, typical of benign eosinophilic 
granuloma. 

Four of the patients were under two years of age 
and later showed visceral infiltration, particularly 
pulmonary, and died. Statistically the young age, be- 
cause of potential visceral involvement, proved to be 
the most valuable prognostic factor. 

The multiplicity of osseous lesions is not so im- 
portant for prognosis as long as there is no visceral 
infiltration. Extensive skull lesions would bring about 
a bad prognosis only because of a possible complicat- 
ing diabetes insipidus. Vertebral involvement in the 
cervical area is considered by the authors to be 
serious because of its proximity to the medulla ob- 
longata in case of a subluxation. In two of the cases, 
lesions localized to the dorsal spine were healed and 
led to the formation of vertebra plana. 

In conclusion, the evolution of eosinophilic granu- 
loma is capricious and unpredictable. Statistically, 
age appears to be the factor of greatest importance. 
A roentgenologic picture typical of eosinophilic 
granuloma does not preclude evolution toward a 
more serious form, probably terminating in death, if 
a complicating visceral and particularly pulmo- 
nary involvement supervenes.—Henri-Paul Lévesque, 


M.D. 


Foster, JOHN H., and Kirt.ey, James A. Uni- 
lateral lower extremity hypertrophy. Surg., 
Gynec. & Obst., Jan., 1959, 708, 35-42. (From: 
The Department of Surgery, Vanderbilt Uni- 
versity School of Medicine, and the Surgical 
Service, Vanderbilt University Hospital, 
Nashville, Tenn.) 


The Klippel-Trenaunay syndrome consisting of (1) 
osseous and soft tissue hypertrophy of the lower 
extremity; (2) varicose veins of the extremity pres- 
ent from infancy; and (3) a hemangioma of the skin 
of the extremity has been the subject of reports 
since 1900. While hemangiomata were inconstantly 
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seen in the cases reported, some form of venous ob- 
struction was usually present. 

The authors describe 4 cases of unilateral hyper- 
trophy of the lower extremity. Varicose veins were 
present in each case; hemangiomata in 3. Proof of 
venous obstruction was obtained by roentgeno- 
graphic or surgical means in 2 of the cases. In a third 
case, venography was attempted on three occasions 
and although no obstruction was seen complete filling 
was never obtained. Scanograms, when obtained, 
showed that true osseous hypertrophy was present 
in the involved extremity. Circumferential enlarge- 
ment was present in all, but whether it was due to 
edema or to true soft tissue hypertrophy could not 
be ascertained. 

Atresia of the common, internal and external iliac 
veins was noted in one patient. Without benefit of 
prior venography, a saphenous ligation and stripping 
operation were performed With resultant increase in 
varicosity and the production of hypertrophy which 
was not previously present. Venography was then 
performed and the atresia demonstrated. A subse- 
quent grafting procedure resulted in arrest of the 
process. The importance of angiography in proper 
evaluation of the patient with unilateral limb hyper- 
trophy is stressed. 

The case material and earlier investigations would 
indicate that unilateral lower extremity hypertrophy 
is due to hyperemia, most commonly because of 
venous stasis or venous hypertension, the hyper- 
emia acting as a stimulus to the epiphysis.—fack 
Reynolds, M.D. 


FIsHER, SAMUEL H. Skeletal manifestations of 
parent-induced trauma in infants and chil- 
dren. South. M. F., Aug., 1958, 57, 956-960, 


(From: The Department of Radiology 
Greenville General Hospital, Greenville 


Chronic injury due to adult trauma produces 
roentgen changes which have become an established 
entity. The cause of the patient’s injuries may be 
unrecognized until suggested by the roentgen find- 
ings. 

Trauma to children may be categorized as: un- 
avoidable episodes in stable households, a family 
environment which momentarily or periodically may 
not afford the usual protective atmosphere, and the 
presence of aggressive, immature, or emotionally ill 
adults. 

Six cases of parent-induced trauma in infants and 
children are presented. Two cases resulted in death 
of the child. One of the cases showed extreme 
roentgen changes and this is illustrated. 

By recognizing the entity of trauma by adults, not 
only may much time and effort be saved in arriving 
at a diagnosis but, more important, if law enforce- 
ment agencies are able to act, life may be saved.— 


John F. Weigen, M.D. 
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SHERMAN, Ropert S., and GLauser, Oscar J, 
Radiological identification of fibrous dys. 
plasia of the jaws. Radiology, Oct., 1958, 77, 
553-558. (Address: R. S. Sherman, 444 East 
68th St., New York 21, N. Y.) 


Seventeen histologically proved cases of fibrous 
dysplasia of the jaws were studied roentgenologically, 
to form a basis for the roentgen interpretation of that 
disease. Fifteen of the 17 cases were monostotic. One 
patient had involvement of the maxilla and the 
zygoma and in the other the mandible and both 
maxillae were involved. Eleven patients were female 
and six were male. The age range was eight to forty- 
four years, with over half of the patients between 
eight and fourteen years. The usual complaints were 
painless swelling with asymmetry of the face and dis- 
turbance in position of the teeth. Excision or curet- 
tage was performed 14 times, but in 3 instances the 
lesion was only biopsied. Except for one patient with 
a recurrence after one year, all were apparently clini- 
cally free of disease or unchanged after a follow-up of 
several years. 

Three fairly distinct roentgenographic types occur. 
The first and probably the most diagnostic of these 
shows a diffuse, uniform, homogeneous sclerosis. The 
sclerotic form tends to follow the general contours 
of the bone producing enlargement. This type was 
found only in the maxilla in this series. This variety 
bears a superficial resemblance to osteitis deformans, 
sclerosing cancer metastases, and possibly the scler- 
osing type of osteogenic sarcoma. The multiloculated, 
cystic type is most frequently seen in the maxilla. It 
is somewhat less specific in its roentgen appearance 
but is still considered to be highly suggestive of 
fibrous dysplasia. This variety is quite lytic in char- 
acter, oval in shape, with septa or ridges, a fairly 
sharp border, cortical thinning and expansion and 
frequently calcific strands or flecks. The least specific 
roentgen type of fibrous dysplasia is the unilocular 
pattern. A clear distinction between this type and 
ossifying fibroma is not always possible.—Arno W. 
Sommer, M.D. 


Iwata, SENNAN, and Cotey, L. Re- 
port of six cases of chondromyxoid fibroma of 
bone. Surg., Gynec. & Obst., Nov., 1958, 707, 
571-576. (From: The Bone Tumor Service, 
Memorial Cancer Center, New York, N. Y.) 


In 1948 Jaffe and Lichtenstein first described a rare 
bone lesion called chondromyxoid fibroma. It is a 
benign tumor derived from cartilage forming con- 
nective tissue. There have been 30 cases previously 
reported and the authors add 6 more. The lesion is 
seen mostly in adolescents. Males and females are 
affected with equal frequency. The bones of the 
lower extremity are involved most commonly. In the 
authors’ group the lesion was present in the femur 
or tibia in fully one-half of the cases. The lesions 
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involve the metaphysis and often extend to involve 
the adjacent diaphysis. Pain and swelling are the 
common symptoms and they develop slowly and in- 
sidiously. 

The roentgen appearance mimics chondroma, be- 
nign chondroblastoma, bone cyst and even fibrous 
dysplasia. Some have been mistakenly called giant 
cell tumors. Resection of the tumor in the fibula, rib, 
ulna or metatarsal bones or curettage in weight 
bearing bones is the treatment advocated. The le- 
sions are not sensitive to roentgen therapy. 

In one of the cases there was a secondary chon- 
drosarcomatous degeneration in the chondromyxoid 
fibroma. Such malignant transformation has not been 
reported previously. It is desirable to consider this 
benign tumor in all lytic bone lesions in order to 
avoid unnecessary amputations.—Frank M. Win- 
drow, M.D. 


THIEFFRY, STEPHANE, and SorreEL-DEJERINE, 
JacQueLINe. (Paris, France.) Forme spéciale 
d’ostéolyse essentielle héréditaire et familiale 
4 stabilisation spontanée, survenant dans 
’enfance. (A special form of idiopathic 
hereditary and familial osteolysis with spon- 
taneous stabilization occurring in childhood.) 
Presse méd., Nov. 26, 1958, 66, 1858-1861. 


The authors report 5 cases of a hereditary and 
familiar affection among 3 generations which begins 
in early childhood and is characterized by spon- 
taneous osteolysis of carpal and tarsal bones in which 
ossification apparently had been proceeding nor- 
mally. The osteolysis stabilizes spontaneously in late 
childhood, without affecting other parts of the skele- 
ton except inconstantly those bones which are in 
contact with the carpals and tarsals. Morphologic 
craniofacial anomalies accompany this osteolysis, 
which is probably a dominant mendelian trait.— 


Frank A. Riebel, M.D. 


Rosen, Irwin E. Unusual intrameniscal lu- 
nulae; three case reports. ¥. Bone & Foint 
Surg., July, 1958, o-4, 925-928. (From: The 
Surgical Service, United States Air Force 
Hospital, Keesler Air Force Base, Miss.) 


The author gives 3 case reports of the rare presence 
of a sesamoid structure within the medial meniscus 
of the knee. Pearson described these ossicles in the 
meniscus and called them lunulae. 

Their clinical importance lies in the fact that they 
should not be interpreted as loose bodies in order to 
avoid fruitless exploration of the knee. 

A review of the literature showed varied opinions 
as to whether they are secondary to trauma with 
heterotopic bone formation or whether they repre- 
sent vestigial structures. Harris explained that the 
ossicles were the result of mucoid degeneration. 
Weaver pointed to the existence of primary and the 
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more common secondary types which occurred after 
trauma. Pederson found ossicles frequently present 
in menisci of rodents without evidence of disease and 
concluded that in man they were a vestigial struc- 
ture. 

In the author’s cases the lunulae were in the pos- 
terior horn of the medial meniscus. All three cases 
were operated upon, pathologically proved, and had 
uneventful recovery. 

The author feels that these ossicles are vestigial 
structures, and that they give rise to mild symptoms 
of derangement of the knee because of protruding 
contours which interfere with normal joint function. 


—Roscoe E. Miller, M.D. 


VERBRUGGE, J., and VeryANS, H. Lesions rares 
des cartilages de croissance du genou. (Rare 
lesions of the growth cartilages of the knee.) 
Acta chir. belg., April, 1958, 57, 299-318. 
(Address: Chaire de Chirurgie orthopédique 
de I’Université de Gand, Gand, Belgium.) 


The authors present § cases in which apparently 
minimal and unusual causes affecting the growth 
cartilages of the knee have had great consequences, 
bringing about marked disability and deformity. The 
authors have purposely excluded the usual causes of 
shortening or lengthening, with consequent dia- 
physeal fractures, resulting from poliomyelitis and 
infectious diseases. 

Case 1. A female, normal delivery at birth, had a 
small port wine type hemangioma at the outer as- 
pect of the right knee. Deep roentgen therapy with 
unknown dosage was administered. During subse- 
quent years marked deformity and shortening re- 
sulted, with epiphysiodesis involving the outer third 
of the distal femoral epiphysis. Several surgical pro- 
cedures were required for correction. 

Case 11. An eleven year old healthy male, a victim 
of an exploding shell during a 1942 bombardment, sus- 
tained a penetrating splinter (31.5 cm.) injury at 
the medial aspect of the knee involving the inner 
third of the epiphyseal cartilage. The foreign body 
was removed and immediate healing occurred. When 
next seen in 1944, the patient had a pronounced 
genu varum deformity and epiphysiodesis of the 
medial third of the cartilage had developed. Correc- 
tive surgical intervention was performed. However, 
the patient died in a subsequent bombing in 1945. 

Case ut. A seventeen year old healthy female was 
involved in an automobile accident in 1952 with 
several injuries to the body, including the inner as- 
pect of the knee and distal femur, all of which healed 
following adequate care. Two years later, a marked 
genu varum deformity was noted. A soft tissue scar 
was present at the site of injury and closure of the 
inner one-third of the epiphysis was demonstrated 
roentgenologically. 

Case tv. A twelve year old healthy female, normal 
at birth, had two superficial hemangiomas, one on 
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the scalp and one at the external aspect of the left 
knee. The latter received deep roentgen therapy 
shortly after birth. The dosage and manner of 
treatment are unknown to the authors. The heman- 
gioma disappeared, but an open sore (third degree 
reaction) occurred at the site of the treatment. When 
seen, marked genu varum deformity was present 
with considerable shortening and epiphysiodesis of 
the outer aspect of the distal femoral epiphysis. 

Case v. A fifteen year old male, normal delivery, 
walked at one year, with excessive weight for the 
patient’s age developed progressive deformity, which 
became more pronounced with growth, resulting in 
a concavity at the inner aspect of the right knee 
(varus deformity). A provisional diagnosis of osteo- 
chondrosis deformans was made. Repeated corrective 
surgical procedures were performed as seemed indi- 
cated. 

The authors warn against the use of radiation 
therapy for the treatment of hemangiomas in cases 
such as those listed above. 

Seventeen figures with reproductions of roent- 
genograms, sketches and diagrams accompany this 
article—William H. Shehadi, M.D. 


MELAMED, ABRAHAM. Some anatomical and 
roentgenologic considerations with respect to 
the lumbosacral spine; with special reference 
to retrodisplacement. Radiology, Oct., 1958, 
71, 548-552. (Address: Evangelical Deacon- 
ess Hospital, 620 N. 19th St., Milwaukee 3, 
Wisc.) 


The study reported here was undertaken to de- 
termine the pathogenesis of retrodisplacement of 
lumbar vertebrae. Thirty-four articulated human 
spine specimens were studied. The commonly ac- 
cepted theory is that retrodisplacement is due to the 
downward and posterior inclination of the articular 
facets, implying that when intervertebral disk nar- 
rowing occurs, the cephalad vertebra is forced 
downward and backward. The author found, how- 
ever, that in almost all specimens, by direct meas- 
urement, the vertical axis of the facets formed a go° 
angle, or very close to a go° angle with the horizontal 
surface of the vertebral body. In other words, there 
was little or no posterior angulation of the facets. It 
was also found that by narrowing the intervertebral 
space and/or by subluxating the articular facets 
retrodisplacement did not occur. For these reasons 
the author contends that other factors must enter 
into the causation of retrodisplacement. In the in- 
tact spine the center of gravity of the body passes 
through the third lumbar vertebral body. If for any 
reason this is shifted backward, one prerequisite for 
the development of retrodisplacement is fulfilled. 
Eventually the integrity of the intervertebral disks, 
apophyseal joint capsules and spinal ligaments is 
disturbed by the shearing force of gravity and mala- 
lignment develops. The greater frequency of retro- 
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displacement in the upper lumbar region occurs be- 
cause changes in the center of gravity occur and are 
reflected here earliest. 

Retrodisplacement is easily diagnosed in the 
lateral projection in most cases. However, interpre- 
tation of the lateral roentgenogram must be made 
with caution especially at the lumbosacral level. The 
anteroposterior diameter of the fifth lumbar verte- 
bra is greater than that of the sacrum in 70 to 80 
per cent of all patients. This gives rise to an ap- 
parent overlap of the posterior margins which may 
occasionally be interpreted as retrodisplacement. _ 

As an aid to correct evaluation of the lateral pro- 
jection of the lumbosacral spine, the author follows 
the curve formed by the anterior borders of the 
spinal canal. In the average case this line will pass 
through the posterior inferior flaring of the fifth 
lumbar vertebra. If this line is in any way distorted 
true displacement should be suspected and con- 
firmed by other criteria.—Z. Petrany, M.D. 


BLoop AND Lympu SystTEM 


Dorrer, CHARLES T., and Friscue, Louis H. 
Visualization of the coronary circulation by 
occlusion aortography: A practical method. 
Radiology, Oct., 1958, 77, 502-524. (Address: 
C. T. Dotter, University of Oregon Medical 
School, 3181 S. W. Sam Jackson Park Road, 
Portland 1, Ore.) 


This report describes a technique for coronary 
angiography which has been found to be safe and 
reliable in the dog. The authors believe it is ready for 
application to the study of the diseased coronary 
arteries of man. 

In the procedure which the authors used, a special 
double lumen balloon catheter was used to inject a 
contrast substance into the proximal aorta during a 
period of brief but total occlusion of the ascending 
aorta just above the site of injection. All the con- 
trast substance enters the coronary arteries, thereby 
allowing clear visualization. Other investigators have 
reported iv vivo contrast studies of the coronary ar- 
teries, but the authors claim important advantages 
for their method. 

A light general anesthetic is preferred for the pro- 
cedure. Under fluoroscopic control the catheter is in- 
troduced into the radial artery and advanced until 
the tip reaches a position about an inch above the 
estimated site of the aortic valves. Trial inflation of 
the balloon is carried out by injection of nitrous oxide 
or carbon dioxide. Complete occlusion must be ob- 
tained if the examination is to be successful. Occlu- 
sion should not exceed five or ten seconds. Once the 
correct position of the catheter and volume of gas 
necessary for complete occlusion have been de- 
termined, the examination is carried out. As soon as 
complete occlusion of the aorta is obtained, the in- 
jection of contrast substance is injected in three 
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seconds or less. Simultaneously with the beginning of 
the injection, a series of roentgen-ray exposures is 
started and continued for six or eight seconds. De- 
flation of the balloon is allowed to take place at the 
end of the injection. Continuous electrocardio- 
graphic monitoring should be conducted during and 
following all occlusions. 

Experimental observations were made on a series 
of §1 dogs in order to determine the feasibility of this 
procedure. Over 500 complete occlusions of the 
ascending aorta were produced without death or evi- 
dence of serious consequence. Various opaque media 
were subjected to trial, including hypaque, urokon, 
miokon and thorotrast. The most satisfactory me- 
dium was found to be thorotrast. In spite of its alpha 
activity and its alleged carcinogenic properties, thor- 
otrast probably is the safest medium for this pro- 
cedure. 

The use of occlusion catheters in the cardiovascular 
system promises to open up many unexplored clinical 
and experimental areas of importance, examples of 
which are (a) new techniques for cardiovascular 
visualization, (b) elective controlled cardiac arrest 
in the intact subject for purposes such as cardio- 
vascular visualization and (c) total cardiopulmonary 
bypass as an emergency therapeutic measure in the 
intact patient.—Arno W. Sommer, M.D. 


Tuat, Avan P., RicHarps, L. STEPHEN, 
GREENSPAN, RicHarD, and Murray, M. 
Joun. Arteriographic studies of the coronary 
arteries in ischemic heart disease. ¥.4.M.A., 
Dec. 20, 1958, 763, 2104-2109. (From: The 
Departments of Surgery, Radiology, and 
Medicine, University of Minnesota Medical 
School, Minneapolis, Minn.) 


Visualization of the coronary vessels can be ob- 
tained in unanesthetized patients without risk. The 
technique is described in detail. It is important to 
have roentgenograms in both anteroposterior and 
lateral views. These are obtained by using a biplane 
rapid film changer. The Schénander unit allows 6 
films per second in two planes. 

Complete or partial occlusion of a major vessel is a 
most definite sign. Other signs are tapering of the 
vessel, atheromatous encroachment on the lumen 
and complete or abrupt obstruction to contrast 
medium. The collateral circulation can often be 
visualized. 

The surprising finding was that in several cases, 
with typical angina at rest and on exertion, normal 
coronary arteriograms were found, and the patient’s 
symptoms promptly disappeared. This makes the 
study very valuable in determining which candidates 
might benefit from surgery. 

In addition to the diagnostic value of the coronary 
arteriograms, it is possible to formulate from them a 
more accurate prognosis in coronary sclerosis based 
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on such factors as the extent of the disease and col- 
lateral circulation. 

Review of 4 cases and excellent reproductions of 
arteriograms with diagrams showing coronary vessels 
and collateral circulation are included in this paper. 
—Eva S. Carey, M.D. 


Bonte, G., Caron, J., Paucuant, M., and 
Gérarb, A. Examen de |’aorte thoracique et 
du ventricule gauche par cathétérisme intra- 
ventriculaire a partir de la fémorale. (Study 
of the thoracic aorta and left ventricle by 
means of intraventricular catheterization 
via the femoral artery. ¥. de radiol., électrol. 
et de méd, nucléaire, Oct., 1958, 39, 593-598. 
(From: Service d’Electroradiologie (Ouest), 
Hopital régional, Cité hospitaliére, Lille, 
France.) 


Intravenous or selective angiocardiography gives 
only limited information on left heart pathology. Di- 
rect puncture of the left auricle or ventricle allows the 
recording of pressure curves, but opacification of the 
left chambers is rarely performed through these 
means because it necessitates the use of a large 
traumatizing trocar. The authors recommend retro- 
grade catheterization of the left ventricle via the 
femoral artery with the aid of Seldinger’s method. 
Until now, they have performed 14 ventriculog- 
raphies with success in patients suffering either from 
congenital or acquired cardiopathies or from a medi- 
astinal disease justifying thoracic opacification. 

The indications of such a procedure should be 
discussed by the whole team and the catheterization 
should be performed only when there is hope of a 
possible surgical treatment.—Maurice Dufresne, 


M.D. 


Butcrin, JAMEs G., and Jacospson, GEorGE. 
Aortographic demonstration of an aortocaval 
fistula; a case report. Radiology, Sept., 1958, 
71, 409-411. (Address: 1200 N. State St., 
Los Angeles 33, Calif.) 


A case of nontraumatic aortocaval fistula com- 
plicating arteriosclerotic aneurysm of the abdominal 
aorta is reported. Of the 5 other cases which have 
been reported since Ig09, 1 was associated with an 
underlying syphilitic abdominal aortic aneurysm and 
the other 4 followed bullet wounds. In only one in- 
stance was there even mention of arteriographic 
study. Duration of the fistula varied from four 
months to twelve years. The degree of cardiovascular 
disturbance appeared to be related directly to the 
duration of the lesion. 

The case reported concerns a sixty-eight year old 
white male, with a history of controlled diabetes for 
eight months and mild congestive failure for two 
months, who was hospitalized because of a sudden 
attack of severe, generalized, nonradiating chest pain 
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which occurred initially while straining at stool and 
recurred one day later. On admission and during his 
hospital course the patient showed signs of congestive 
failure but his blood pressure was normal and re- 
peated electrocardiograms showed no evidence of 
coronary occlusion. The most significant physical 
finding was a loud bruit over the entire abdomen and 
back. There was no evidence of syphilis. Roentgeno- 
grams of the chest demonstrated cardiac enlarge- 
ment, pulmonary congestion, and moderate bilateral 
hydrothorax. Roentgenograms of the abdomen 
showed a calcified abdominal aortic aneurysm. Trans- 
lumbar percutaneous aortography was performed in 
a normal manner. The aneurysm and the aorta distal 
to the puncture site were very faintly opacified and 
the opaque material, almost in its entirety, entered 
the dilated vena cava. Subsequent operation dis- 
closed an arteriosclerotic abdominal aortic aneurysm 
below the renal vessels, complicated by a communica- 
tion between the aorta and vena cava, I cm. in diam- 
eter. In the course of reparative surgery the patient 
succumbed to cardiac arrest. Autopsy was not per- 


formed.—Walter H. ‘farvis, Fr., M.D. 


Lecer, Lucien, and Roy-Camitie, Raymonp. 
Anastomose porto-cave; Etude pré- et post- 
opératoire de 12 observations. (Porto-caval 
anastomosis: Pre- and postoperative study of 
12 cases.) Presse méd., Oct. 29, 1958, 66, 
1673-1676. (From: Hdpital Lariboisiére, 
Paris, France.) 


These cases were studied by splenic manometry 
which truly reflects portal pressure and splenopor- 
tography for stasis, reflux, preoperative collateraliza- 
tion and postoperative shunt permeability. 

Portal pressure progressively decreases after the 
establishment of a shunt but not always immedi- 
ately. Only one case was an exception which also was 
unusual in that the patient died of hemorrhage after 
one year. Coronary or mesenteric reflux giving rise 
to stasis disappears. Esophageal varices are smaller 
but the change may be slow in appearing. Serial 
splenoportograms demonstrate functioning of the 
shunt with massive penetration of the contrast sub- 
stance into the inferior vena cava. The studies of 
liver tests are not yet complete enough to justify 
conclusions.—Marcy L. Sussman, M.D. 


Fesanl, F., and U.ert, G. Possibilita e limiti 
dell’indagine arteriografica nell’infanzia. 
(Feasibility and limitations of arteriography 
in infants.) Ann. ital. di chir., 1958, 35, No. 3, 
179-208. (From: Istituto di Clinica Chirur- 
gica Generale e Terapia Chirurgica, and 
Istituto di Radiologia e del Radium dell’Uni- 
versita, Parma, Italy.) 


The authors stress the importance of arteriographic 
examinations in the adult. They consider the possibil- 


ity of extending the method more generally in the in- 
fant and discuss principally the limitations defined 
by previous investigators. They throw additional 
light on the subject by presenting a number of in- 
teresting cases. 

The limits, which must be recognized, include the 
problems of: (1) anesthesia; (2) chemical toxicology; 
(3) technical roentgenography; and (4) anatomy. 

The criteria to be followed in anesthetizing an in- 
fant who is to undergo arteriography have been 
previously established. Venipuncture and injection 
of the contrast material have been known to produce 
vasospasm. The use of intravenous barbiturates is 
accompanied by vasodilatation. It is desirable that 
the infant be under deep narcosis so that proper 
roentgenographic images may be obtained and to 
minimize the danger of circulatory and respiratory 
reactions. The authors describe a method of general 
anesthesia which has proved to be satisfactory in 
their hands. 

The intolerance to the contrast medium must be 
determined and, if present, constitutes an absolute 
contraindication. A possible complication is the di- 
rect injection of the opaque medium in the renal 
artery, particularly if under high pressure, so that 
renal damage is caused. Because of the relatively 
small lumen of the vascular channels in infants, great 
caution must be employed to avoid injury to the 
vessels and extravasation. The consequences are dif- 
ficulty in roentgenographic interpretation and mor- 
bidity. 

Catheterization may avoid many undesirable 
sequelae of venous or arterial puncture. Besides it 
permits under fluoroscopic control localization of the 
catheter and of the desired level for injection of the 
contrast material. 

Adequate angiographic technical equipment is of 
paramount importance. 

The authors report cases with the following lesions: 
stenosis of the pulmonary artery, tetralogy of Fallot, 
retroperitoneal ganglioneuroma, and hydronephrosis 
secondary to an aberrant vessel.— Anthony A. Blasi, 


M.D. 


Gottman, G. Der Beitrag der Angiographie zur 
Differenzierung blastomatéser und entziind- 
licher ossarer und parossarer Erkrankungen. 
(Angiography in the differentiation between 
neoplastic and inflammatory processes of the 
osseous and paraosseal tissues.) Radiologia 
Austriaca, 1958, 170, No. 1, 49-54. (From: 
Zentralroéntgen- und Radiuminstitut des 
Landeskrankenhauses, Graz, Austria.) 


Arteriography may be a very helpful procedure in 
certain cases for differentiating between neoplastic 
and infectious diseases. 

The angiographic features in favor of a tumor are: 
(1) formation of a blood circulation of its own, (2) 
displacement of arteries and veins, and (3) presence 
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of a tumor-stain or localized relative absence of 
blood vessels. 

Displacement of blood vessels is, however, difficult 
to demonstrate in areas with a small blood flow under 
normal conditions. Since the vascular system of the 
bones cannot be visualized with routine angiog- 
raphy, a bone tumor can be recognized on angio- 
grams only in cases with periosteal involvement. 

The angiographic criteria in favor of an inflamma- 
tory process are less obvious and comprise: (1) nar- 
rowing or dilatation of blood vessels and (2) ab- 
normal phases of blood flow on serial roentgeno- 
grams. 

The most helpful finding in the differential diag- 
nosis between tumor and infectious process is the 
formation of a characteristic blood circulation in the 
tumor. Displacement of blood vessels, on the other 
hand, is not specific and can be caused by tumors as 
well as by abscesses. 

The author feels that in certain cases a differentia- 
tion between benign and malignant tumors is facili- 
tated by arteriography. Irregularly shaped, reticular, 
and lake-like blood vessels which show premature 
filling as seen in arteriovenous fistulas favor but are 
not conclusive for a malignant neoplasm. In addi- 
tion, the vascular supply was found to be ill-defined 
in malignant tumors. 

The included roentgenograms illustrate the value 
of arteriography in the differential diagnosis between 
Ewing’s tumor, osteomyelitis and other lesions.— 


Wolfgang H. Steinmetz, M.D. 


SHort, D. S. Arteries of intestinal wall in sys- 
temic hypertension. Lancet, Dec. 13, 1958, 
2, 1261-1263. (From Middlesex Hospital 
Medical School, London, W. 1, England.) 


In cases of systemic hypertension postmortem 
arteriography was employed to study the arterial 
bed of the small intestine. A bismuth oxychloride- 
gelatin suspension was injected into the superior 
mesenteric artery and, after fixation, strips of in- 
testinal wall were roentgenographed. These roent- 
genograms were then compared with histologic sec- 
tions. The number of vessels in a given area and the 
size of the lumen were determined from the roent- 
genograms. 

In 4 of 6 cases of hypertension, the number and 
diameter of the arteries were decreased. Histologic 
sections indicated that the decrease in caliber was 
due to structural narrowing rather than functional 
spasm.—Leslie K. Sycamore, M.D. 


GENERAL 


Lerroy, R. B. The Nisbet Symposium: Col- 
lagen disease. Part I. General aspects. Proc. 
Coll. Radiologists, Australasia, Sept., 1958, 
2, I-5. 
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The author discusses the basic formation of con- 
nective tissue and the factors concerned in its pro- 
duction and maintenance. He prefers the title of 
“connective tissue disorders’’ to “collagen diseases” 
because collagen is often not the main factor involved 
and because it is merely one part of connective tissue. 

Connective tissue varies in its consistency from the 
fixed character of bone to the fluid nature of jelly in 
the umbilical cord. It is composed of fibers, mainly 
collagen, fibroblasts and “ground substance.” Col- 
lagen is apparently produced by fibroblasts and 
ground substance. While collagen i is a static end prod- 
uct of connective tissue, itis a dynamic tissue appear- 
ing in many different forms and is subject to change. 
The ‘“‘ground substance’”’ is a sort of plastic fluid con- 
taining water, electrolytes and colloids. 

Connective tissue appears to be guided by three 
main influences: enzymes, hormones and vitamins. 
The enzymes concerned are the hyaluronidases and 
heparin. The adrenal and sex hormones besides 
thyroxin make up the important hormones. The 
vitamin of importance is ascorbic acid. 

The ‘‘connective tissue disorders” are manifested 
by proliferation and degeneration. Rheumatoid ar- 
thritis, rheumatic fever and scleroderma represent 
the proliferative phase. On the other hand, rheumatic 
fever, rheumatoid arthritis, lupus erythematosus and 
dermatomyositis all show changes which are classified 
as mucoid degeneration. 

Fibrinoid degeneration or necrosis has been linked 
most often with the collagen diseases. It was believed 
initially that fibrinoid originated from degenerate col- 
lagen. In disseminated lupus erythematosus, fibrin- 
oid is apparently a degraded form of nucleic acid, 
one of the essential elements of cell protein. These 
changes are specific for disseminated lupus erythem- 
atosus, and the fibrinoid seen in other connective 
tissue disorders probably has a different origin. Col- 
lagen has been produced in the rabbit by the injec- 
tion of a foreign protein. On the basis of hypersensi- 
tivity, attempts have been made to hold one etiologic 
factor responsible. Klinge’s list of collagen diseases 
is quite lengthy and includes endocarditis and 

malignant nephrosclerosis as diseases of hypersensi- 
tive origin containing fibrinoid. Peptic ulceration and 

malignant hypertension should not be included in 
this group because of the presence of other factors. 

The author believes that in order to gain a better 
appreciation of these disorders we should: (1) shift 
the spotlight away from the name “collagen,” (2) 
resist the suggestion that fibrinoid has its origin from 
collagen in all cases, and (3) believe there is not 
necessarily, merely one etiologic factor responsible 
for these disorders. Rheumatic fever and polyarteritis 
nodosa are both closely connected with hypersensi- 
tivity. Disseminated lupus erythematosus is related 
to some extent to hypersensitivity. Rheumatoid ar- 
thritis shows no impressive clinical evidence for the 
role of hypersensitivity. Amyloidosis and myelomato- 
sis are included in this group. Etiologic factors are 
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obscure, but it seems likely that further knowledge 
will come from a study of globulin fractions and 
immune responses rather than of the histologic char- 
acteristics of collagen.—7¥. N. Ané, M.D. 


GoatcHER, B. E. The Nisbet Sym- 
posium: Collagen disease. Part IT. The arthri- 
tides. Proc. Coll. Radiologists, Australasia, 
Sept., 1958, 2, 5—I0. 


The author emphasizes the importance of early 
accurate diagnosis in the treatment of the arthritides. 
While it has been taught for many years that rheu- 
matoid arthritis is a disease of young women, it has 
been shown in a large series of cases that the average 
age of onset is forty-one years. 

Age and sex are of importance in the diagnosis of 
rheumatoid arthritis. The young man with peripheral 
joint disease should have a roentgenographic exami- 
nation of his sacroiliac articulations to exclude anky- 
losing spondylitis and should be checked for urethral 
discharge. Urethral infection may be the cause of a 
rheumatoid type of arthritis which improves on treat- 
ment of the discharge. Ford has reported some cases 
developing a true ankylosing spondylitis after per- 
sistent urethritis. 

Gout occurs in men in 95 per cent of the cases, and 
in women, usually after the menopause, in § per cent. 
Rheumatoid arthritis may have a sudden onset and 
many cases in this group are diagnosed erroneously as 
gout. 

Since rheumatoid arthritis is regarded as a systemic 
disease with wide spread connective tissue involve- 
ment, laboratory tests are becoming increasingly use- 
ful. The blood sedimentation rate and the hemoglobin 
tests are the most widely used methods of investiga- 
tion. These tests are probably of greatest value in the 
prodromal stage of rheumatoid arthritis and also in 
the early diagnosis of cases labelled tenosynovitis 
capsulitis of the shoulder or metatarsalgia. In a series 
of patients with persistently raised blood sedimenta- 
tion rates, many subsequently developed rheumatoid 
arthritis. 

The Rose test is based upon the observations made 
by Waaler and by Rose independently that the serum 
of patients with rheumatoid arthritis agglutinates the 
sensitized red blood cells of sheep. Positive results 
have ranged from 48 per cent to 89 per cent of the 
sera from rheumatoid patients. Rheumatic fever ap- 
pears to be the only one of the major ‘“‘connective 
tissue” diseases which gives consistently negative re- 
sults. The Rose test does not reflect clinical changes 
associated with treatment of rheumatoid arthritis 
and remains negative in some patients despite severe 
progressive disease. 

Since the serology in rheumatoid arthritis and 
lupus erythematosus is similar, it is not surprising 
that a percentage of cases of classical rheumatoid ar- 
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thritis exhibits the lupus erythematosus cell phe- 
nomenon. It is generally agreed that the diagnosis of 
lupus erythematosus should not be made in patients 
with rheumatoid arthritis unless it can be confirmed 
by other evidence. 

Biopsy has been of value in the diagnosis of rheu- 
matoid arthritis. This is particularly indicated in 
cases of tenosynovitis. The author does not consider 
the mucin test on synovial fluid of any great value in 
the diagnosis of rheumatoid disease. 

The disadvantage of roentgenography in the diag- 
nosis of rheumatoid disease is the time which may 
elapse before changes occur. A report from Manches- 
ter claims 80 per cent of changes occur within six 
months of onset. It is essential in all cases of rheu- 
matoid arthritis to roentgenograph the hands and 
feet, and if negative to repeat the roentgenographic 
examination at intervals.—/. N. dné, M.D. 


Vaucuan, B. F. The Nisbet Symposium: Col- 
lagen disease. Part III. The radiological 
changes. Proc. Coll. Radiologists, Australasia, 
Sept., 1958, 2, 11-16. 


The author discusses the roentgenographic changes 
involving the hands and feet in rheumatoid arthritis, 
gout, lupus erythematosus and scleroderma. Lung 
changes have been reported in disseminated lupus 
erythematosus, and gastrointestinal changes have 
been described in generalized scleroderma. Roent- 
genograms of the hands and feet are of considerable 
assistance in distinguishing rheumatoid arthritis from 
generalized osteoarthritis. Rheumatoid arthritis also 
must be differentiated from gout. Generalized osteo- 
arthritis and gout are not diseases due to the degener- 
ation of collagen. 

In early rheumatoid arthritis, the first roentgeno- 
graphic changes consist of osteoporosis. The presence 
and degree of osteoporosis are difficult to determine 
in some cases. Osteoporosis does not so frequently 
occur in males and disappears when the rheumatoid 
arthritis becomes quiescent. Surface erosions are 
more reliable findings, but may be difficult to detect 
in the early case. Later manifestations consist of joint 
space narrowing and “pocketed erosions.”’ 

Fletcher and Rowley estimated that 60 per cent of 
cases of rheumatoid arthritis show diagnostic changes 
within three months. Eighty per cent showed changes 
within six months, but some cases take up to three 
years to develop erosions. Errors have occurred in 
labeling ‘‘pocketed erosions” without osteoporosis in 
males as “gouty arthritis.”” Gout does produce deep 
cystic erosions, but the first and fifth metatarso- or 
metacarpophalangeal joints are usually affected. 

In Still’s disease the changes are similar to those of 
rheumatoid arthritiswith theadditional sign of perios- 
titis occurring along the shafts of the metacarpals 
or phalanges. Still’s disease also arrests the growth of 
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bones which are adjacent to the affected joints. Dis- 
seminated lupus erythematosus usually affects adoles- 
cents or young female adults. One of the earliest and 
most common symptoms is arthritis. The Rose and 
Ball tests may be positive. Since lupus erythematosus 
cells may be found in some cases of rheumatoid ar- 
thritis, the differential diagnosis may be very diffi- 
cult. Characteristically, the erosions and joint space 
narrowing may be absent. One must remember that a 
patient with rheumatoid arthritis can develop dis- 
seminated lupus erythematosus and show the char- 
acteristic changes of rheumatoid arthritis to an ad- 
vanced degree. 

Scleroderma affects females between the ages of 
thirty and fifty years. The onset is often with poly- 
arthritis. Skin changes and later gastrointestinal and 
renal lesions occur. The hands show generalized 
atrophy of the soft tissues. Following absorption of 
the soft tissues, the terminal phalanges disappear and 
calcium is deposited in the pulp space.—¥. N. Ané, 


M.D. 


Saint, Eric G. The Nisbet Symposium: Col- 
lagen disease. Part IV. Discussion. Proc. Coll. 
Radiologists, Australasia, Sept., 1958, 2, 
17-19. 

The author agrees with Klemperer that the term 
“collagen disease” has received an exaggerated popu- 
larity which may serve to cover puzzling clinical and 
anatomic features and may produce confusion. Most 
diseases involve the connective tissue in one way or 
another. The author believes that each disease should 
be referred to individually, even though the demarca- 
tion between them is sometimes difficult. 

Gout is a purely metabolic disease and should be 
excluded from the group. Genes are important in the 
etiology of ankylosing spondylitis and in osteoarthritis, 
at least in so far as Herberden’s nodes are inherit- 
able. The relationship of infection is clear in rheu- 
matic fever and amyloidosis and to a lesser extent in 
periarteritis nodosa. Dermatomyositis may com- 
plicate carcinomatosis and myeloma is one of the 
most common causes of amyloidosis. 

The two important factors which are common to 
all of the disease are the pathologic involvement of 
the connective tissue and the suggestion that immu- 
nity mechanisms are involved. 

Connective tissue has supportive, storage and de- 
fense functions. The fibroblasts synthesize collagen. 
The connective tissues should be considered as a 
highly integrated biologic system of importance in 
the defense of the host. The corticosteroids and to a 
lesser extent the sex hormones are of importance in 
the modification of specific action. 

“Fibrinoid” is seen in all of the diseases of this 
group. It is not believed to be a specific substance 
and certainly it is not an altered collagen as it has a 
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different roentgen diffraction pattern and a low hy- 
droxyproline content. Amyloid, which may be found 
in these diseases, is a mucoprotein substance. 

Auto-antibody may be produced against protein 
derived from central nervous system, skin, liver and 
blood group substances. There is a possibility that in 
rheumatoid disease, systemic lupus erythematosus, 
dermatomyositis, etc., auto-antibody against one or 
another of the connective tissue proteins is being pro- 
duced. In rheumatoid disease something in the glob- 
ulin agglutinates sheep cells. The sensitized cells, 
the serum polysaccharide, and the specific globulin, 
all necessary for the precipitin test, might be of help 
in clearing up aspects of the immunologic problem of 
rheumatoid disease.—f. N. Ané, M.D. 


Lecer, Lucien, and Guyer, Paucetrte. (Paris, 
France.) Lésions kystiques et pseudo-kys- 
tiques du pancréas; essai de regroupement a 
orientation thérapeutique. (Cystic and pseu- 
docystic lesions of the pancreas; proposed re- 
classification for therapeutic purpose.) Presse 
méd., Nov. 26, 1958, 66, 1875-1878. 


A reclassification of the cystic lesions of the pan- 
creas as based on nosologic and therapeutic con- 
siderations is suggested: (1) exuberant lesions alter- 
ing the gross morphology of the gland, consisting of 
true cysts and pseudocysts (necrotic or post-trau- 
matic); (2) intraparenchymal cystic lesions not 
modifying the contour of the gland and discovered by 
pancreatography or when a left pancreatectomy is 
performed, cystic dilatations of Wirsung’s canal or 
interlobular canals, and cystic formations in the 
parenchyma secondary to canalicular distention or 
to necrosis. 

The authors recognize that such a grouping might 
appear arbitrary becauseof the fact that some lesions, 
well individualized on anatomic and _ pathogenic 
grounds, have been reclassified according to their size 
and their relation to pancreatic canals. For instance, 
true cysts of small size and without pathologic mani- 
festation are frequently found when a removed pan- 
creatic specimen is examined, and yet they do not 
produce any apparent deformity. On the other hand, 
some intraparenchymal postnecrotic cystic cavities 
seem to be related to the more voluminous pseudo- 
cysts.—Henri-Paul Lévesque, M.D. 


RADIATION THERAPY 


DEL Recato, J. A. Comparacién de los re- 
sultados de la cirugia con la radioterapia en 
el tratamiento del carcinoma del cuello del 
utero. (Comparison of results obtained with 
surgery and radiation therapy in the treat- 
ment of carcinoma of the cervix.) Radio/ogia, 
Panama, Sept., 1958, 8, 129-133. (From: 
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Penrose Cancer_Hospital, Colorado Springs, 


Colo.) 


In the last decade advances made in anesthesia and 
preoperative and postoperative care have enabled 
surgeons to expand the scope of surgical interven- 
tions in the treatment of carcinoma of the cervix. In 
early stages of the disease, radical hysterectomy with 
removal of some pelvic lymph nodes has been ac- 
complished with very low mortality rates. In an at- 
tempt to improve the curability of cancer of the 
cervix, the operation has been usually reserved for 
good risk patients: young, thin women, otherwise in 
good general condition. In reporting results it has 
often been customary to compare them with another 
group of unselected patients treated in the same hos- 
pital by means of irradiation only. Because radiation 
therapy might not have beensdelivered with the same 
skill as in other institutions the comparison is not 
necessarily valid. It may be fruitful to compare, in- 
stead, the over-all results of an institution where 
surgery and irradiation are both used with those of 
other hospitals where patients receive only radiation 
therapy. Thus, although Meigs reports 81 per cent 
five-year survival for Stage 1 and $9 per cent five- 
year survival for Stage 11 in patients operated upon 
between 1945 and 1950, his over-a// results for the time 
period 1944-48 are: 62 per cent five-year survival for 
Stage 1 and 45 per cent five-year survival for Stage 
ul. These figures indicate that, on the whole, his pa- 
tients did not fare as well as those treated in many 
other hospitals. 

In advanced cancer of the cervix the surgical at- 
tack involves extensive removal of pelvic organs and 
tissues, resulting in considerable mortality and great 
morbidity. It has not yet been proved that the risk 
and mutilation of these operations are contrabalanced 
by better survivals. The author compares his 32 per 
cent five-year survival in Stage 111 and 15 per cent in 
Stage Iv in unselected patients treated with external 
irradiation combined with intravaginal radiation 
therapy with a group of patients reported by Brun- 
schwig showing 17 per cent five-year survival for 
Stage 111 and 11 per cent for Stage 1v, who had pelvic 
exenterations.—F. Comas, M.D. 


Mitter, Norman F., Lupovici, PeTer P., 
CuristiaAn, Ropert T., and Ritey, Garp- 
NER M. Irradiation sensitivity of cervix 
cancer; response of cultured cervix cancer 
cells to irradiation. 4m. F. Obst. S Gynec., 
Nov., 1958, 76, 1071-1082. (From: The 
Reuben Peterson Memorial Research Lab- 
oratory, Department of Obstetrics and Gyne- 
cology, The University of Michigan, Ann 
Arbor, Mich.) 


Irradiation, at present, is our principal therapeutic 
weapon against cancer of the uterine cervix. In gen- 


eral, the tendency is to administer a dose based on 
what normal tissue will tolerate, and by so doing hope 
the cancer is destroyed. Some cancers, however, 
could be destroyed by a much smaller dose of irradia- 
tion, while others will not respond before the ad- 
jacent normal tissue is destroyed. These might better 
be benefited directly at the onset by radical surgery. 

Attempts at predicting radiosensitivity have been 
made on the basis of histologic cancer grading, eval- 
uation of benign vaginal cells, serial tumor biopsies 
during treatment, and by studying nucleoprotein 
patterns of tumor cells. The primary purpose of this 
study was to determine the relative radiosensitivity 
of patients’ cultured cells with the thought that the 
in vitro index of behavior might reflect the tumor’s 
radiation response in vivo. 

The technique was to obtain preirradiation biopsy 
specimens of tumor tissue and explant them to the 
inside glass surface of roller tubes containing appro- 
priate nutrient fluid and incubate them in a roller 
drum apparatus. Each culture was examined micro- 
scopically daily. 

Two studies were carried out, with a nonirradiated 
control being kept for each patient. One was an in 
situ clinical procedure in which the patient’s cultured 
cells were placed in a special container and inserted 
into the vagina adjacent to the cervix. The culture 
was thus irradiated at the same time and under the 
same conditions as the tumor cells. Immediately 
after treatment the culture was returned to the in- 
cubator. The other study consisted of irradiating 
culture tubes in a pelvic masonite phantom under 
conditions simulating those received by the patient’s 
tumor cells im situ, including exposure to the same 
daily air dose. 

Microscopically, the criterion selected for the end 
point of the radiation effect was the destruction of a// 
outgrowing tumor cells from the culture explant. In 
both studies there were definite differences in the in 
vitro radiosensitivity of the various tumor cultures. 
In the absence of five year survival rates for con- 
firmation, a tentative mathematical formula permit- 
ting a grading of these differences was proposed. 
This was E=(rXS)/1,000, where E is the tissue cul- 
ture radiation effect index, r the lethal or total roent- 
gen dose, and S the number of days the culture sur- 
vived subsequent to the first day of irradiation. The 
authors have tentatively assumed that values of 0 to 
49 represent radiosensitive tumors; 50 to 99 rep- 
resent tumors with an intermediate radiosensitivity; 
and 100 or greater represent relatively radioresistant 
cancers. 

Thus, of 24 cases suitable for analysis 8 were clas- 
sified as resistant, 4 as intermediate and 12 as sensi- 
tive. Supporting the tentative classification are re- 
ports that of the 8 patients judged as having radio- 
resistant tumors, one died in five months and another 
developed a recurrence in nine months. Others have 
shown a clinically satisfactory response up to twenty- 
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one months. It is of interest that up to now no radio- 
resistant adenocarcinomas of the cervix have been 
found. 

Other factors to be considered in evaluating the 
prognosis are the extent or stage of the disease and 
the host resistance. While the clinical extent of the 
neoplasm can be approximated, there is as yet no 
satisfactory method for the determination of host 
resistance. 

The results indicate that some carcinomas are 
relatively resistant to irradiation, whereas others are 
readily destroyed. Although the results appear prom- 
ising, it is premature to assume that radiosensitivity 
of cultured cancer cells iv vitro truly reflects the tu- 
mor’s response in vivo.—Donald M. Monson, M.D. 


Jackson, Harvey. (London, England.) Dis- 
cussion on pituitary tumours; surgical as- 
pects. Proc. Roy. Soc. Med., Nov., 1958, 57, 
907-911. 

This is a brief review of pituitary adenomas of the 
chromophobe, chromophil, and basophil types, and 
also includes hypophyseal duct tumors or cranio- 
pharyngiomas. The author emphasizes the marked 
variation in the clinical picture of pituitary adenomas 
and correlates the symptoms with the direction in 
which the tumor has extended. Any extension outside 
the sella is of paramount importance because the 
risks of operation are greatly increased. Hemorrhage 
into pituitary adenomas is by no means exceptional. 

Hypophyseal duct tumors, or craniopharyngiomas, 
account for about 4 per cent of all intracranial tu- 
mors. They may be found either within the sella or 
above it. Approximately 70 to 80 per cent of these 
tumors show calcific deposits. 

The author believes that progressive involvement, 
especially of the visual fields, is the main indication 
for surgery. He does not operate on patients with 
endocrine disorders alone, and he does not treat tu- 
mors which appear to be stable, even though there is 
a visual field disorder. Where it applies, surgery 
should be given primary consideration, but a course 
of radiation therapy should follow. This decision is 
based on the following: (1) there is an unsatisfactory 


response to initial radiation therapy in 58 per cent of 


the cases, according to the series reported by Hor- 
rax, (2) craniopharyngiomas and cystic adenomas do 
not usually respond to irradiation, and (3) high volt- 
age therapy may have disastrous results, but this is 
presumably avoidable with good technique. 

The author concludes that primary irradiation 
should be reserved for cases where the tumor has 
escaped beyond the sella, but he does not elaborate 


on this statement. No statistics are given.—¥. L. 
Williams, M.D. 
Ricumonp, J. Jackson. (London, England.) 


Discussion on pituitary tumours; the role of 
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radiotherapy. Proc. Roy. Soc. Med., Nov., 
1958, 57, 911-914. 


In England it is common practice to excise a major 
portion of pituitary adenomas and then give post- 
operative irradiation. The advantages are enumer- 
ated as follows: (1) the procedure permits immediate 
decompression of the visual pathways and prevents 
the appearance or progression of visual difficulties 
during radiation therapy; (2) the size, extent and 
histology of the tumor can be determined: (3) exci- 
sion of a large part of the tumor makes it possible to 
use small treatment portals postoperativ ely. 

The disadvantage of surgery lies in the operative 
mortality which fortunately is now low. 

Two hundred twenty cases treated with radiation 
therapy are reviewed. Seventy-five per cent of these 
were histologically verified chromophobe tumors, 7 
per cent were eosinophil tumors, and 5 per cent were 
craniopharyngiomas. Nine cases of pituitary baso- 
philism and 7 cases of carcinoma of the pituitary 
gland were treated. Twelve cases were presumably 
chromophobe adenomas, but were not explored. 

Radiation therapy was given through five 4 cm. 
square fields using a beam with a half value layer of 3 
mm. Cu. Currently, the maximum tumor dose is 
3,750 r in four weeks (the dose was recently reduced 
from 4,000 r given in the same period). 

Following the combined surgical and radiation 
treatment, there was some form of visual improve- 
ment in 87 per cent of the chromophobe adenomas. 
In the eosinophil tumors the results of treatment 
were more difficult to assess and no statistics are 
given. Eight of the 9 patients with basophil tumors 
showed some degree of improvement, and in 3 in- 
stances the improvement was striking. The response 
of craniopharyngiomas was decidedly encouraging in 
some cases, indicating that these tumors are occa- 
sionally radiosensitive. Of the 7 patients with car- 
cinoma, 3 had original chromophobe adenomas which 
became malignant. Two of these patients died from 
intracranial metastases. In 4 patients the tumors 
were presumably malignant from the outset. Five 
year survival rates were: chromophobe adenomas 
81 per cent, eosinophil adenomas 89 per cent, pitui- 

tary basophilism 75 per cent, craniopharyngiomas 
75 per cent, carcinomas 57 per cent, unverified 
adenomas 60 per cent. In the unsuccessful cases the 
most common causes of death were recurrent adeno- 
mas, extreme hypopituitarism, and postirradiation 
changes in the brain.—¥. L. Williams, M.D. 


Stimpson, S. Leonarp. (London, England.) 
Discussion on pituitary tumours; endocrine 
aspects. Proc. Roy. Soc. Med., Nov., 1958, 57, 

Pituitary adenomas may develop insidiously and 
remain unrecognized for ten or more years. In 
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chromophobe adenomas the initial symptoms vary 
markedly. Patients are often treated for many years 
for amenorrhea, myxedema, migraine, impotence, 
weakness, etc., before visual impairment or a lateral 
skull roentgenogram leads to the correct diagnosis. 
Pituitary hypofunction as a cause of these variable 
symptoms can be confirmed by laboratory tests, 
which are based on a secondary failure of adrenal and 
thyroid activity. 

In acromegaly the initial complaint includes such 
varied symptoms as hirsutism, migraine, excessive 
perspiration and impotence. Rapid growth in child- 
hood may be a precursor of acromegaly in later life. 
There may be progression of the disease even though 
the fundi and visual fields remain unchanged. 

Cortisone, hydrocortisone, and prednisone have 
made substitution therapy for pituitary hypofunc- 
tion more comprehensive, arld have made surgery of 
the pituitary gland a much safer procedure. One of 
these substances is recommended before operation 
and it should be continued after operation until the 
need for and amount of a maintenance dose is de- 
cided. The author prefers prednisone because its 
sodium-retaining action is negligible. Cortisone and 
hydrocortisone have an advantage during the opera- 
tive period because they can be given parenterally. 

Testosterone and thyroid are important adjuncts 
to prednisone. Testosterone has a valuable and often 
dramatic effect in pituitary hypofunction. The au- 
thor states that adrenocorticotrophic hormone 
(ACTH) is a logical alternative to prednisone and 
testosterone combined, but it has the disadvantage of 
daily injections, occasional side reactions, and loss of 
effectiveness after awhile. 

In eosinophil tumors it is desirable to have labora- 
tory aids to help determine the extent of hypersecre- 
tion of growth hormone. The author believes that the 
most reliable test currently available is the plasma 
insulin level, as measured by the uptake of glucose by 
the isolated diaphragm of a rat. 

The need for surgery or radiation therapy in acro- 
megaly should not be determined solely by encroach- 
ment of the fundi and visual fields. Clinical and 
biclogic evidence of progressive pituitary hyper- 
function is at least of equal importance now that 
substitution therapy for any subsequent pituitary 
hypofunction is on a sound basis.— 7. L. Williams, 
M.D. 


Kurz, Eucene R. Intensive cobalt-60 tele- 
therapy of lung cancer. Radiology, Sept., 
1958, 77, 327-335. (Address: Allegheny 
General Hospital, Pittsburgh 12, Pa.) 
During the calendar years 1955 and 1956, of the 

189 patients with lung cancer treated by cobalt 60 

teletherapy there were 182 who had been followed 

until November, 1957. Nineteen of the 182 patients 


had clinical and roentgenographic evidence of car- 
cinoma, but no histologic proof. 

The treatment plan varied with the location of the 
lesion, its size and shape, and size of the patient, 
employing both fixed beam and rotation techniques. 
The tumor doses varied from 5,000 to 7,000 r for 
squamous-cell carcinoma whenever possible. The 
dose to undifferentiated lesions was reduced to less 
that 5,000 r because early metastases were en- 
countered so frequently. 

Esophagitis seemed to occur more frequently with 
cobalt 60 teletherapy than with conventional radia- 
tion therapy, and although radiation sickness oc- 
curred almost as frequently its severity appeared to 
be less. Skin reactions were practically nonexistent 
in those lesions which were amenable to rotational 
therapy. Radiation pneumonitis was one of the most 
serious complications encountered, occurring from 
one to six months after treatment is almost every 
case to a greater or lesser extent. The seriousness of 
this complication was more dependent upon the 
volume of tissue treated than it was upon the dosage. 
Radiation pneumonitis appeared to be a more serious 
problem than it had been with roentgen rays but this 
was probably due to the consistently higher doses. 
From an analysis of the survival statistics in this 
group of patients and their comparison with those 
reported by other authors, it seems that better results 
in the treatment of bronchogenic carcinoma can be 
obtained with higher energy radiation than with 
radiation of lower energy.—Walter H. Farvis, Fr., 
M.D. 


Lorr, J. S., and Smirnu, Ivan H. Cobalt-60 
beam therapy in carcinoma of the esophagus. 
Radiology, Sept., 1958, 77, 321-326. (Address: 
J. S. Lott, Victoria Hospital, London, On- 
tario, Canada.) 


The authors report their experience with cobalt 60 
beam therapy in carcinoma of the esophagus. Be- 
tween January, 1952 and December, 1956, a total of 
68 cases of carcinoma of the esophagus were referred 
for opinion and treatment. Thirty-seven cases were 
treated palliatively, incompletely, or not at all, and 
are not included in the study. Thirty-one cases were 
treated radically, for cure. All but 3 cases were 
proved malignant by biopsy. The disease was ap- 
parently confined to the esophagus, with no evidence 
of extension beyond the esophagus, in 21 of the radi- 
cally treated cases. 

Circumaxial rotation therapy at 95 cm. source-to- 
tumor distance was used in 4 cases. In the first 27 
cases, four, five or six fields were employed at 80 cm. 
source-to-skin distance. All fields were treated daily. 
Doses for the fixed beam therapy ranged from 5,500 
r in two and one-half weeks to 6,700 r in seven weeks. 
(The present aim is to deliver 5,500 r to 6,500 r in 
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four to four and one-half weeks total treatment time.) 

The most serious complication connected with 
radical radiation therapy for carcinoma of the esoph- 
agus was mediastinal fistula. This complication oc- 
curred in 4 cases. One case of asymptomatic pulmo- 
nary fibrosis and 1 of mild stricture were observed. 
Seven of the 31 patients treated radically are alive 
and apparently free of disease for periods ranging 
from one to five years. 

Based on their experience, the authors conclude 
that cobalt 60 beam therapy is a more effective 
method of managing squamous-cell carcinoma of the 
esophagus than conventional roentgen therapy.— 
Arno W. Sommer, M.D. 


Prerquin, B., Tusiana, M., and Durrerx, J. 
Etude de 54 cas de cancers de |’oesophage 
thoracique traités par le bétatron (22 mev.). 
(A study of 54 cases of carcinoma of the 
thoracic esophagus treated with the 22 mev. 
betatron.) ¥. de radiol., d’électrol. et de méd. 
nucléaire, Nov., 1958, 39, 725-736. (From: 
Institut Gustave-Roussy, Villejuif [Seine], 
France.) 


Like all publications by Dutreix and his associates, 
this review covering the treatment of esophageal 
carcinoma is a masterpiece dealing with techniques 
as well as with clinical observations. The article is 
divided into five parts. 

Clinical considerations come first. Here the site of 
the tumor is fitted into a definite classification. Also, 
the importance of carefully checking its extension by 
means of roentgenography, esophagoscopy and 
bronchoscopy is discussed. 

Technical considerations follow. After the clinical 
evaluation of the patient, a complete treatment plan 
is outlined. Usually, 4 fields (2 anterior and 2 pos- 
terior, opposed in pairs) are so chosen as to embrace 
the whole esophagus. A light plastic jacket is molded 
on each patient with the ports of entry marked on it. 
A set-up of photoelectric cells and computers permits 
an analysis of the dosage and of the direction of the 
beam during the entire treatment period. Irradiation 
is carried out on a five day schedule. The tumor dose 
is 200 rads daily, or 1,000 rads weekly. Thus in six 
weeks, 6,000 rads are delivered at the level of the 
lesion. 

The authors then discuss the results. Every detail 
of the 54 cases treated was carefully analyzed. Three 
of these patients are well, completely free of symp- 
toms, forty-six to forty-eight months after treatment. 
The survival varies between three and twenty-six 
months. An interesting fact is the alleviation of dys- 
phagia, which is obtained characteristically with a 
dose of 2,000 to 3,000 rads at the lesion, the highest 
percentage occurring around 2,500 rads. Incidents 
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and accidents during and after roentgen therapy were 
studied. Perforation of the esophagus, degeneration 
of the myocardium and a change in the blood picture 
were frequently encountered. 

The fourth part of the article lists the details in 
the individual cases and the fifth part pays particular 
attention to the advantage of high energy radiation 
by increasing the ratio of integral tumor dose to the 
total integral dose. In comparing with 200 kv. radia- 
tion, the integral tumor dose/ total integral dose was 
calculated as 0.16 for a 200 kv. apparatus and 0.29 for 
the 22 mev. betatron. 

In conclusion, the authors state that, with a ten 
month mean survival rate, their final results with the 
use of a 22 mev. betatron were nearly comparable to 
those achieved with conventional roentgen therapy. 
A slight advantage is attributed to the high energy 
radiation if one considers the immediate better re- 
sults obtained. These are explained on the basis of a 
better distribution of the tumor dose and the absence 
of radiation sickness so that a greater number of 
patients reach the level of 2,500 rads, beyond which 
dysphagia occurs. A dose of 6,000 rads in six weeks 
constitutes in the greater number of cases a good 
palliative treatment. Rapid improvement is noted in 
the patient’s functional and general condition. How- 
ever, excepting in very rare cases, 22 mev. betatron 
therapy may not be considered as a curative treat- 
ment in carcinoma of the esophagus.—Robdert 


L’ Abbe, M.D. 


RADIOISOTOPES 


Crarke, K. H., Farrtey, Keirn D., Kine, 
W.E., and Mitne, Jean. Radioiodine tracer 
tests in the diagnosis of hyperthyroidism. 
Brit. M. F., Dec. 13, 1958, 2, 1444-1446. 
(From: The Radioiodine Unit, Royal Mel- 
bourne Hospital, Melbourne, Australia.) 


The authors have found the twenty-four hour 
radioiodine thyroid uptake to be of little value in 
assessing the clinical status of patients with suspected 
thyroid disease. They have therefore tested a number 
of other determinations and have selected three 
which they feel are useful not only in preliminary 
screening, but in sorting out patients whose findings 
place them in the borderline area between euthyroid- 
ism and hyperthyroidism. 

The tests evaluated are the two hour thyroid up- 
take, the two hour neck/thigh ratio and the forty- 
eight hour serum precipitable I'*'. All of these de- 
terminations are performed with a single tracer dose 
of 20 we of I", administered orally. Using Geiger 
counting apparatus, counts were made over the neck 
and thigh at two hours, and a blood sample was 
drawn at forty-eight hours for serum precipitable 
radioiodine determination. 
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A two hour uptake of over 55 per cent of the ad- 
ministered dose was regarded as indicative of a hyper- 
thyroid state. The standards for the two hour neck/ 
thigh ratio were arbitrary, inasmuch as a pair of 
counters of different counting rates were employed 
for simultaneous neck and thigh counting. Twenty- 
four hour counts were made over the thyroid only if 
treatment was contemplated, since the authors pred- 
icate the size of their treatment dose upon the 
amount of iodine retained at twenty-four hours. 

The forty-eight hour PBI'*! determination was per- 
formed by the trichloroacetic acid precipitation 
method, and samples were surface-counted with 
Geiger equipment. A value of greater than 0.5 per 
per cent of the dose administered per liter of plasma 
was regarded as indicative of hyperthyroidism. 

Results of these three determinations are com- 
pared in 96 patients who had clinically been placed 
in the borderline category and who were considered 
free from influencing medication. The results are 
compared with the final disposition of the patient, 
apparently arrived at by weighing clinical findings 
plus chemical PBI determinations. Each of the three 
tests seems more effective in correctly classifying 
hyperthyroid patients, rather than the euthyroid 
ones, but accuracy is fairly good throughout in a 
group difficult to separate by any known laboratory 
procedure. Some work has been done in this country 
both on the two hour thyroid uptake and two hour 
neck/thigh ratio, but they are not widely practiced. 
The simplicity of these determinations suggests that 
they are worthy of further study.—Frederick 7. 
Bonte, M.D. 


CerviNo, Jost M.; Moraré Manaro, JuLio; 


ZatpUA DE Dexrino, Ema; Maccio.o, 
Jorce; Navarro, ALFREDO; and SpréE- 


MOLLA, F. Insuficiencia tiroidea infantil y 

tiroides accesorias o aberrantes puestas de 

manifiesto por el I", (Infantile thyroid in- 
sufficiency and accessory or aberrant thyroid 
tissue demonstrated by the use of I[''.) dn. 

Fac. de med. de Montevideo, May-Aug., 1958, 

43, 75-86. (From: Catedra de Clinica Endo- 

crinolégica de la Facultad de Medicina, 

Montevideo, Uruguay.) 

Fifteen cases of thyroid insufficiency, 13 of con- 
genital nature and 2 acquired during infancy, have 
been studied. One case of a lingual thyroid has also 
been included. Dosages of 100 uc and one of 300 we 
were administered. Thyroid uptakes and urinary ex- 
cretion determinations were performed followed by 
scanning of the neck with a collimated scintillation 
counter placed at about 1 or 2 cm. from the skin. 
The equipment used in the study is not described. 

All of these cases had been diagnosed clinically and 
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treated with thyroid extract for periods of seven to 
twenty-two years. Treatment was discontinued for 
one month prior to the I"! study. 

All of the congenital cases revealed no evidence of 
functioning thyroid tissue in the normal anatomic 
areas, but some uptake was elicited in aberrant areas. 
The case of lingual thyroid revealed no clinical evi- 
dence of thyroid insufficiency and a normal I'*' up- 
take was obtained in this area. 

An interesting case is reported of hypothyroidism 
following excision of a thyroglossal cyst. This case 
revealed no areas of I'*' uptake. 

The authors conclude that the age of onset of 
thyroid insufficiency depends on the quantity and 
functional capacity of the aberrant tissue and that 
thyroid extract treatment does not appear to atrophy 
aberrant tissue.—Cesar E. Rosa-Perez, M.D. 


Foss, O. P. Paper electrophoresis of [1 
labelled serum proteins. Scandinav. F. Clin. & 
Lab. Investig., 1958, 70, No. 4, 418-426. 
(From: The Central Clinical Chemical Lab- 
oratory, Ulleval Hospital, Oslo, Norway.) 


This study concerns a method of labelling serum 
proteins with I'*! and subjecting them to paper elec- 
trophoresis, in order to determine quantitatively the 
separated protein fractions by means of radioautog- 
raphy. The method was developed to avoid the con- 
centration procedure required for electrophoresis of 
serum proteins if the total protein content is less 
than 1 gm. per 100 ml. (The present study was made 
of protein solutions with concentrations greater than 
I gm. per 100 ml.) 

The study showed that: (1) the reaction between 
iodine and protein is irreversible; (2) the most favor- 
able pH for iodination is about 9.3; (3) iodination 
does not influence the electrophoretic pattern; (4) 
the serum protein fractions have nearly the same up- 
take of iodine per gram of protein; (5) elemental 
iodine does not move during electrophoresis while 
iodinated proteins do; and (6) electrophoresis of mix- 
tures of isolated serum proteins of known concen- 
tration demonstrated that the results with I'*' radio- 
autography are more accurate than by the usual 
staining strip method. 

The authors will present an application of the 
above method to more dilute solutions in a future 
article-—Charles W. Cooley, M.D. 


Mi ter, J. H. Erfolgreiche Radiojodtherapie 
bei zwei Fallen von metastasiertem Schild- 
drisenkarzinom. (Successful radioiodine 
therapy in 2 cases of metastatic thyroid car- 
cinoma.) Radiol. clin., Nov., 1958, 27, 398- 
402. (From: Radiologiche Abteilung und 
Histopathologisches Laboratorium der Uni- 
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versitats-Frauenklinik, Kantonsspital, Zir- 
ich, Switzerland.) 


The author stresses the importance of colloid for- 
mation in the thyroid tumor for successful treatment 
with radioiodine. The case reports of two patients (a 
woman and a man, thirty-three and thirty-two years 
old, respectively) are presented. Both underwent 
total thyroidectomy and were afterwards treated 
with a total dose of 135 mc and 330 me of radio- 
iodine. The resulting athyrosis was treated with thy- 
roid medication. 

Five years after treatment with I"! the patients 
are alive and without any symptoms. Both became 
parents of healthy children several years after the 
application of I'*!.—Eckart Schackow, M.D. 


Dent, J. N., and Lynn, W. G. A comparison of 
the effects of goitrogen on thyroid activity in 
Triturus viridescens and Desmognathus fus- 
cus. Biol. Bull., Dec., 1958, 775, 411-420. 
(From: Biology Division, Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn., De- 
partment of Biology, University of Virginia, 
Charlottesville, Va., and Department of 
Biology, Catholic University of America, 


Washington, D. C.) 


Specimens of the salamanders Triturus viridescens 
and Desmognathus fuscus were treated on alternate 
days with o.1 ml. of 1.0 per cent thiourea; others were 
injected on alternate days with o.1 ml. of 0.2 per cent 
potassium perchlorate. Histologic study of thyroid 
gland tissue of experimental and control animals was 
performed after thirty and forty-six days of treat- 
ment, and measurements of uptake and sixty hour 
turnover of tracer I'*! were made on those groups of 
animals treated for forty-six days. 

There was evidence from the histologic studies that 
the thyroid glands of the control Desmognathus 
salamanders were physiologically active, while those 
of the Triturus controls were relatively inactive. 

Both thiourea and potassium perchlorate inhibited 
thyroid function in Desmognathus, as shown by gland 
hypertrophy and increased cell height, and by con- 
siderable diminution in the ability of the thyroid to 
retain iodine over a period of sixty hours. 

In Triturus both thiourea and potassium perchlo- 
rate produced little or no histologic change in the 
thyroid tissue examined. Thiourea seemed to have 
little effect on the ability of the gland to retain iodine, 
but potassium perchlorate markedly reduced iodine 
storage capacity, as it did in Desmognathus. 

A theory is advanced that the low level of thyroid 
activity evinced by Triturus is a part of his mecha- 
nism of adaptability to a wide range of temperature 
and climatic conditions. Experiments are now in 
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progress aimed at testing the effect of TSH adminis- 
tration on iodine metabolism in Triturus. 

Perhaps the tests were performed at a temperature 
(19°+ or —1° C.) which requires little metabolic 
activity from the highly adaptable Triturus, but rep- 
resents the optimal environment for Desmognathus, 
which is known to be far less adaptable.—Frederick 7. 
Bonte, M.D. 


Wa LTHARD, B. (Bern, Switzerland.) Struma 
maligna. (Struma maligna.) Radiol. clin., 
Sept., 1958, 27, 275-293. 

It has been demonstrated that in spite of iodine 
administration for goiter prevention, the frequency 
of occurrence of nodules in the thyroid gland has not 
decreased. Increased output of the thyrotropic hor- 
mone stimulates the growth of thyroid gland. Pro- 
duced in surplus, this thyrotropic hormone leads to 
increased formation of the thyroid hormone. The in- 
crease in function of the thyroid gland is associated 
with a morphologic transformation which may lead 
to proliferation of the gland, the Basedow-thyroid 
gland. 

When there is insufficient formation of the thyroid 
hormone, the increase in production of the thyro- 
tropic hormone may provoke a proliferative process 
leading to a diffuse, then to a nodular enlargement of 
the thyroid gland; namely, adenomas. The greatest 
significance of the effect of the thyrotropic hormone 
on the proliferation of the thyroid gland lies in the 
deficiency of iodine in foods. It is known that in 
areas of endemic goiter, the number of malignant 
thyroid tumors is greater. Therefore, in combatting 
edemic goiter one also hopes to reduce the number of 
malignant tumors of the thyroid gland. Adenomas of 
the thyroid serve as a basis for malignant epithelial 
thyroid tumors. 

The metastasizing adenoma of the thyroid gland is 
the most differentiated form. Invasion of the adeno- 
ma into the connective tissue capsule and even into 
the veins is not indicative of malignancy, partic- 
ularly in children, since metastases usually appear in 
patients after forty years of age. The metastases 
(first in the lungs and bones) contain more colloid 
than does the primary tumor. The evolution of the 
primary and secondary tumors is extremely slow. A 
diagnostic criterion is the frequently observed pulsa- 
tion, particularly of the metastatic lesions. A char- 
acteristic tumor type is the fast growing struma, 
first described by Langhans. It is found as a single 
nodule, seldom multiple. Its malignancy is recognized 
through the infiltration of tumor tissue into the 
capsule and veins, rarely into the lymphatics. Metas- 
tases occur into the lungs and bones, with rare in- 
volvement of the regional lymph nodes. New growths 
may occur up to twenty years after removal of the 
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primary tumor. It is suspected that this is not really 
a recurrence but a newly formed tumor which has 
developed. The solid or squamous cell carcinoma of 
the thyroid cannot be differentiated from such a tu- 
mor arising from other organs. This tumor forms 
poorly circumscribed single or multiple nodules, in- 
filtrates diffusely throughout the thyroid gland, and 
invades the blood and lymph vessels, producing 
widespread metastases. It has been reported that the 
incidence of this tumor has decreased from 25 per 
cent to 10.6 per cent of all malignant thyroid neo- 
plasms since the introduction of iodine prophylaxis. 

The large cell adenoma (Hiirthle-cell) is character- 
ized by the size of the cells. It is probably produced 
by a disturbance in secretion in the formation and 
storage of thyroid globulin without the addition of 
iodine. The Hiirthle cell nddules are usually benign 
but are potentially malignant, especially in older 
women. Another group of malignant thyroid is the 
papilloma. Since the introduction of iodine prophyl- 
axis, the number of papillomas has doubled and now 
comprises 10 per cent of all malignant thyroid tu- 
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mors. In the U.S.A., the papillomas are called papil- 
lary carcinomas and, as in Switzerland, are found in 
the younger age patients. The so-called lateral aber- 
rant thyroid carcinomas are now believed to be 
metastatic deposits from an occult papillary car- 
cinoma of the thyroid. Progress of this tumor is slow 
and metastases to the lungs occur rarely. The ques- 
tion of malignancy of the solitary adenoma is difficult 
to assess histologically. The sarcomas occur in vari- 
ous forms and metastasize by the blood stream. 

The total picture of malignant tumors of the 
thyroid gland, since iodine prophylaxis was started 
twenty years ago, has changed inasmuch as the clear- 
cut malignant forms have decreased, but the condi- 
tional new growths, the large-cell adenomas, and the 
papillomas have increased in number. The knowl- 
edge that in endemic areas an adenoma is potentially 
a malignant tumor demands that all possible meas- 
ures be taken to prevent the nodular formations in 
the thyroid gland. It is suggested that in the endemic 
areas the iodine in salt be increased from 5 to 10 mg. 
per cent.—Samuel Richman, M.D. 
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electrokymography, 778 
CaroriD insufficiency and cerebral ischemia, angio- 
graphic study of, 929 
CATHETERIZATION, renal-vein, and venography; new 
technique (ab), 923 
CELOMIC cyst, pericardial; re-evaluation (ab), 917 
CEREBRAL atherosclerosis, angiographic evaluation 
of (ab), 356 
infarction secondary to occlusive arterial dis- 
ease (ab), 357 
occlusive, vascular disease, neurosurgical aspects 
of (ab), 358 
occlusive, vascular disease, psychiatric symp- 
toms associated with (ab), 358 
occlusive, vascular disease, theory and rationale 
of anticoagulant therapy in (ab), 357 
tumors and metastasizing growths, radioactive 
gold in treatment of (ab), 184 
vascular disease in light of modern techniques 
(ab), 909 
CERVICAL DISKOGRAM, normal; with clinical obser- 
vations, 1006 
CERVICO-OCCIPITAL REGION, neurological symptoms 
due to skeletal malformations of (ab), 908 
CERVICOTHORACIC TUMORS; technical aid to their 
roentgenologic localization, 316 
CERVIX cancer, irradiation sensitivity of; response of 
cultured cervix cancer cells to irradiation 
(ab), 1080 
cancer of, in 397 cases, surgical and radiologic 
treatment of (ab), 550 
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carcinoma of, bilateral ureteral obstruction com- 
plicating treatment of, 125 
carcinoma of, comparison of results obtained 
with surgery and radiation therapy in treat- 
ment of (ab), 1079 
carcinoma of, results of radiation treatment of, 
in small hospital, 120 
carcinoma of, treated during years 1942 to 
1951 at State University of lowa Hospitals 
(ab), 549 
current treatment of carcinoma of (ab), 550 
use of radical surgery in treatment of cancer of, 
115 
uterine, time-dose relationship in Stage I carci- 
noma of, III 
Cuarcor (neuropathic) joints occurring in diabetes 
mellitus, observations of (ab), 737 
Cuarts, isodose, from minimum experimental data, 
method for construction of, 2 
CHEMOTHERAPY, modern, changing roentgenologic 
picture in pulmonary tuberculosis under, 
196 
CHOLANGIOGRAPHY, intravenous, in children with 
fibrocystic disease of pancreas; pilot study 
(ab), 1067 
CHOLECYSTO-CHOLANGIOGRAPHY, value of Jaminag- 
raphy in (ab), 1066 
CHOLECYSTOGRAPHY, Serial; means of preoperative 
diagnosis of biliary dyskinesia (ab), 1064 
CHOLECYSTOKININ in roentgenologic examination 
of biliary tract (ab), 172 
CHOLEPERITONEUM, encysted (ab), g20 
CHOLESTEATOMA of temporal bone (ab), go8 
CHOLESTEROLOSIS and its radiologic manifestations 
(ab), 1064 
CHONDROSARCOMA of small bones of hand (ab), 736 
CHORIOCARCINOMAS, pulmonary manifestations of 
(ab), 166 
CINECARDIOMETRY and cine-electrokymography; new 
angiographic techniques for analysis of car- 
diac mechanics, 77 
CINEDENSIGRAPHY, photoelectric method in differ- 
ential diagnosis of pulmonary carcinoma 
(ab), 362 
CINE-ELECTROKYMOGRAPHY and_ cinecardiometry; 
new angiographic techniques for analysis 
of cardiac mechanics, 778 
CINEMATOGRAPHIC observations on diaphragmatic 
tic of childhood (ab), 364 
CINEROENTGENOGRAPHIC examination with image 
amplifier; dynamic changes of varicose 
esophagus (ab), 917 
study; role of cricopharyngeal muscle in cases 
of hypopharyngeal diverticula, 561 
Cirruosis, juvenile, with portal hypertension, com- 
plex congenital dysgenesis of intrahepatic 
biliary passages in course of (ab), 171 
CIsTERNAL PNEUMOENCEPHALOGRAPHY, 984 
Co* GAMMA RAys, and x-, 200, 2000 KVP, in guinea 
pigs, lethal effect of (ab), 557 
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Coat 60 beads, radioactive, indirect dosage deter- 
mination in intrauterine irradiation with 


(ab), 747 
beam therapy in carcinoma of esophagus (ab), 
1082 


hectocurie teletherapy, advantages and limita- 
tions of, 38 
teletherapy, intensive, of lung cancer (ab), 1082 
teletherapy, physical and clinical advantages 
and limitations of; Part I, physical factors, 
13 
teletherapy, physical and clinical advantages and 
limitations of; Part II, clinical considera- 
tions, 19 
unit, precision, for fixed field and rotation thera- 
Py, 4 
BomB and supervoltage x-ray (ab), 552 
CoBALTOUS CHLORIDE, oral and intravenous, effect 
of, on thyroid function (ab), 555 
COLLAGEN DISEASE. Nisper Symposium: Part I. 
General aspects (ab), 1077 
Part I]. Arthritides (ab), 1078 
Part IIT. Radiological changes (ab), 1078 
Part IV. Discussion (ab), 1079 
COLLAGEN DISEASES, pulmonary manifestations in, 
264 
Coton, clinical and roentgenologic correlation of 
physiology of, 650 
descending, pneumatosis of (ab), 1062 
new method of air contrast examination of, for 
routine application, 675 
our changing concepts of roentgen examination 
of (E), 701 
prior to barium enema, preparation of (ab), 1062 
six primary adenocarcinomas of, occurring 
simultaneously; report of case, 678 
visualization by double-contrast method, with 
special reference to, on use of new micro- 
nized barium (barotrast) for roentgen exami- 
nation (ab), 723 
COLONIC ABSORPTION, use of radioactive isotopes in 
study of, 89 
Coronary arteries, calcification of, 772 
arteries, comparison of techniques for visual- 
ization of, 764 
arteriography, 749 
circulation by occlusion aortography, visualiza- 
tion of: practical method (ab), 1074 
CraniaAL VAULT, abnormal or misleading clinical 
forms of osteomas of (ab), 907 
Craniostrenosis, familiar, unrecognized, skull de- 
hiscence and dural laceration in (ab), 163 
CricOPHARYNGEAL muscle in cases of hypopharyn- 
geal diverticula, role of; cineroentgenogra- 
phic study, 561 
CusHING’s SYNDROME, roentgenologic changes of 
skeletal system in (ab), 735 
Cysts, cutaneous, myxomatous, treatment of (ab), 
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gas, of intestine (pneumatosis intestinalis) (ab), 
170 
mediastinal, gastroenterogenic (ab), 916 
peripelvic, of kidney (ab), 922 
CyroMEGALIc inclusion disease, generalized, with 
emphasis on roentgen diagnosis (ab), 743 


DENTAL PULP, symmetrical fibrous swelling of mandi- 
ble with changes in (ab), 907 
DeprH-DOsIMETRY by means of gel-incorporated 
chemical system, 512 
DERMOID FISTULAE, congenital; report of 6 cases 
(ab), 729 
DiaBereEs insipidus and Addison’s disease; report of 
case secondary to metastatic bronchogenic 
carcinoma ten years after pneumonectomy 
(ab), 727 
mellitus, observations of neuropathic (Charcot) 
joints occurring in (ab), 737 
DiaPHRAGM, primary myositis of; Hedblom’s syn- 
drome (ab), 1060 
DiapHracmatic tic of childhood, cinematographic 
observations on (ab), 364 
DIAsTEMATOMYELIA in adults (ab), 730 
DionoOsIL, increasing scope of bronchography with 
(ab), 915 
Disk, herniated, block of spinal canal caused by, 
DiskoGRaM, cervical, normal; with clinical observa- 
tions, 1006 
DiskoGrapHy, advantages of combining abrodil 
myelography with (ab), 373 
DiverricuLa, hypopharyngeal, role of cricopharyn- 
geal muscle in cases of; cineroentgeno- 
graphic study, 561 
urethral: assay of 121 cases (ab), 175 
DivertTICULUM, esophageal, esophagobronchial fis- 
tula complicating (ab), 911 
large, of rectum; report of case, 694 
Dog, effects of selective placement of lesions in lower 
brain stem structures on x-irradiation 
emesis in (ab), $57 
DosaGE, indirect, determination in intrauterine ir- 
radiation with radioactive cobalt 60 beads 
(ab), 747 
Dose distribution from 15 mev. betatron by alumi- 
num foils, alteration of electron-depth (ab), 
747 
exposure, gonadal, from diagnostic x-ray pro- 
cedures (ab), 743 
measurement technics for diagnostic procedures 
(ab), 744 
Doses, radiation, in diagnostic x-ray procedures 
(ab), 744 
Drucs and disease, effect of, on the twenty-four 
hour I'*' thyroid uptake, 47 
DuopENvuM and stomach, following Billroth I gastric 
resection, roentgen appearance of, 576 
distal, obstructive lesions of, to bulb (ab), 169 
lymphangioma of, 613 
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DysGENEsIs, complex, congenital, of intrahepatic 
biliary passages in course of juvenile cir- 
rhosis with portal hypertension (ab), 171 

DyskinesiA, biliary, means of preoperative diagnosis 
of; serial cholecystography (ab), 1064 

DyspuHacia in surgical conditions of oesophagus, sig- 
nificance of; with some comments on opera- 
tive treatment (ab), 366 

DysptasiA, fibrous, of jaws, radiological identifica- 
tion of (ab), 1072 

fibrous, polyostotic, and pregnancy; case report 

(ab), 921 

Dysrocic labors, intrapartum lateral x-ray in con- 
duct of (ab), 1068 


Ear CHAMBER, rabbit, effect of ionizing radiations on 
capillary sprouting and vascular remodelling 
in regenerating repair blastema observed in, 
859 

East TENNESSEE Society, 152 

EasteERN CONFERENCE OF RADIOLOGISTS, 345 

EBsTEIN’s ANOMALY of tricuspid valve, roentgeno- 
logic features of, 788 

Ecropia, splenic; with particular attention to rela- 
tionship of stomach to ectopic spleen and 
to gastrodiaphragmatic interposition of 
spleen (ab), 1067 

EprroriaLs 

Forty-first Annual Meeting of the American 
Radium Society, 141 

Adoniram Judson Quimby, 1875-1958, 143 

Radiation and the Community: A New Role for 
the Radiologist, 337 

Brigadier D. B. McGrigor, 341 

Internal Deposition of Long-Lived Radioactive 
Substances, 536 

Our Changing Concepts of the Roentgen Exami- 
nation of the Colon, 701 

Warren W. Furey, 1898-1958, 704 

Chester A. Stayton, Sr., 1889-1958, 706 

Intravenous Angiocardiography: The Twentieth 
Year, 886 

Harry M. Weber, 1899-1958, 888 

Higdon Bryant Elkins, 1907-1958, 891 

Forty-first Annual Meeting of the American 
Radium Society, 1054 

Errusion, interlobar, loculated, associated with 
pericarditis; report of 2 cases (ab), 720 

ELecrropuoresis, paper, of I'*'-labelled serum pro- 
teins (ab), 1084 

Exkins, Hicpon Bryant, 1907-1958, 891 

portrait, 891 
EmpuysemMa, lobar, in baby (ab), 166 
studied by microradiology (ab), 913 
ENCEPHALOGRAPHY, dynamic, 992 
ENDOMETRIOSIS, rectosigmoid, radiographic features 
of (ab), 1063 

ENTERITIS, REGIONAL. I. Clinical aspects and diag- 

nosis in 100 patients (ab), 721 
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II. Results of medical and surgical treatment in 
100 patients (ab), 722 
EosiNOPHILIC granuloma in infants, evolution of 
(ab), 1071 
granuloma, pulmonary histiocytosis X; report 
of case, 231 
infiltration of stomach (ab), 1061 
EsopuHaGEAL and gastric stenosis due to ingestion of 
acid in case of attempted homicide (ab), 367 
diverticulum, esophagobronchial fistula compli- 
cating (ab), gi1 
lip, variations in roentgen appearance of, 570 
moniliasis; report of case with roentgenographic 
findings (ab), 722 
webs; report of 58 cases and attempt at classifi. 
cation (ab), 167 
EsopHAGITIS as cause of upper abdominal pain (ab), 
366 
Candida, x-ray findings in child with (ab), 365 
EsopHAGOBRONCHIAL FISTULA complicating — eso- 
phageal diverticulum (ab), g11 
Esopuacus, cancer of, and rotational radiation 
therapy (ab), 548 
carcinoma of, cobalt-60 beam therapy in (ab), 
1082 
in pneumomediastinography (ab), 365 
leiomyoma of; report on 2 cases surgically 
treated (ab), 721 
post-emetic rupture of; report of 3 cases (ab), 
g18 
significance of dysphagia in surgical conditions 
of; with some comments on operative treat- 
ment (ab), 366 
thoracic, treated with 22 mev. betatron, study 
of 54 cases of carcinoma of (ab), 1082 
varicose, dynamic changes of; cineroentgeno- 
graphic examination with image amplifier 
(ab), 917 
EWARt’s SIGN, new observations, with note on: peri- 
carditis with effusion (ab), 363 
EXENCEPHALY, x-irradiation, 1026 
Eye conditions, certain, radiation therapy in (ab), 
184 


FETAL maturity, accuracy of radiological estimation 
of (ab), 724 

lerus, human, effect of large dose of roentgen rays 
on development of (ab), 181 

FIBROCYSTIC DISEASE of pancreas, intravenous cho- 
langiography in children with; pilot study 
(ab), 1067 

l'tprRoMA, chondromyxoid, of bone, report of 6 cases 
of (ab), 1072 

nonossifying, of bone; successive lesions in same 

tibial metaphysis (ab), 177 

FisruLa, esophagobronchial, complicating esopha- 
geal diverticulum (ab), g11 

FisruLAE, dermoid, congenital; report of 6 cases 
(ab), 729 


FisruLas and perforations, demonstration of, with 
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watery suspended microcrystalline contrast 
substance (ab), 167 
FLUORINE in urinary tract calculi (ab), 922 
FLuoroscopes, radiation safety evaluation of (ab), 


745 
FourtTH INTERNATIONAL Course on tomography, 152; 
1057 


Fractures of parietal bone in children (ab), 176 
FREEDMAN LECTURES, 345 
FuREY, WARREN W., 1898-1958, 704 

portrait, 704 


GALLBLADDER Contrast medium, oral, new triiodide, 
baygnostil (ab), 1066 
triple, and calcareous bile (ab), g20 
well-functioning, carcinoma in (ab), 1066 
GaLtsTonEs, floating, and stone in dilated cystic 
duct (ab), 1065 
GAMMA RAY SOURCES, radioactive chromium $1, 99 
GANGRENE Of large intestine and ovaries after trans- 
lumbar aortography; report of case (ab), 
180 
Garcoy.LisM (Pfaundler-Hurler disease), clinical and 
radiologic study of case of (ab), 925 
Gas, gangrene, of urinary bladder and abdominal 
wall following catheterization (ab), 174 
Gastric and esophageal stenosis due to ingestion of 
acid in case of attempted homicide (ab), 367 
emptying, delayed, roentgen study of abdomen 
in detection of ulcer, carcinoma and other 
organic disease of upper alimentary tract, 
value of, 609 
fundus resembling gastric neoplasm, splenic in- 
dentation of; report of 2 cases, 599 
ulceration, multiple benign; report of 2 unusual 
cases (ab), 168 
GastrITIs, corrosive, early and late roentgenologic 
findings in; report of case, 603 
GASTROENTEROGENIC MEDIASTINAL Cysts (ab), 916 
GASTRODUODENAL INTUSSUSCEPTION (ab), gig 
GASTROINTESTINAL bleeding, upper, severe, emer- 
gency X-ray examination in diagnosis of (ab) 
1061 
hemorrhage, primary polyarteritis nodosa of 
stomach and small intestine as cause of 
(ab), 168 
metastases from carcinoma of uterus (ab), 1064 
tract, cavernous hemangioma of; report of case 
and review (ab), 368 
tract, roentgen examination of, as aid in diag- 
nosis of acute and subacute reticuloendo- 
theliosis (ab), 1063 
GasTROJEJUNAL ULCER (ab), 918 
GEL-INCORPORATED CHEMICAL SYSTEM, depth-dosim- 
etry by means of, 512 
GENETIC HAZARD due to diagnostic radiology, com- 
mon sense approach to problem of; report 
based in part on study of exposures in small 
American industrial city (ab), 185 
Guon Focus of tuberculous reinfection, 207 
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GLAss DOSIMETRY for determination of doses to bio- 
logic object in thin water layer, Part II, 509 

GLomus TUMORS, their response to irradiation, 475 

Gorrer, nodular: diagnosis and treatment with radio- 
active iodine (ab), 554 

posterior mediastinal (ab), 719 

GONADAL ExposuRE dose from diagnostic x-ray pro- 
cedures (ab), 743 

GoORHAM’S DISEASE with autopsy, report of case of; 
massive osteolysis due to hemangiomatosis 
(ab), 734 

GRANULOMA, giant-cell, of respiratory tract (Weg- 
ener’s granulomatosis) (ab), 360 

GranuLomarosis (Wegener’s syndrome), necrotiz- 
ing, noninfectious, sarcoidosis and_histo- 
plasmosis; less familiar roentgen patterns of 
pulmonary granulomas, 211 

Guinea pics, lethal effect of 200, 2000 KVP X- and 
Co® gamma rays in (ab), 557 


Heap and neck, supervoltage (2 mev.) rotation irra- 
diation of carcinoma of, 402 
HEART DISEASE, ischemic, arteriographic studies of 
coronary arteries in (ab), 1075 
foreign bodies in; review of literature since 1952 
and case report, 795 
HEDBLOM’s SYNDROME; primary myositis of dia- 
phragm (ab), 1060 
HEMANGIOMA, cavernous, of gastrointestinal tract; 
report of case and review (ab), 368 
HEMANGIOMATOSIS, massive osteolysis due to; report 
of case of Gorham’s disease with autopsy 
(ab), 734 
HeEMIPLEGIC PATIENTS, physical medicine and _ re- 
habilitation for (ab), 358 
Hepatic METASTASES and pulmonary stenosis, car- 
cinoid of small intestine with (ab), 1062 
HeparoGRaM in cirrhosis following percutaneous 
splenic injection, intrahepatic vasculogram 
and (ab), 741 
Hernia, hiatal; its diagnosis and clinical significance 
(ab), 1060 
Hernias due to partial diaphragmatic aplasia in 
newborn, radiologic study of (ab), 1060 
Hirtz position, tomography of cavum, of facial 
bones, and of base of skull in (ab), 719 
Histiocyrosis X, pulmonary, (eosinophilic granu- 
loma); report of case, 231 
HisropLasmMoOsis, sarcoidosis, and noninfectious nec- 
rotizing granulomatosis (Wegener’s syn- 
drome); less familiar roentgen patterns of 
pulmonary granulomas, 211 
HopGKIN’s DISEASE and pregnancy; case reports and 
discussion of treatment of Hodgkin’s dis- 
ease and leukemia during pregnancy (ab), 
1069 
of oral cavity, 43 
radiologic study of osseous localizations of (ab), 
731 
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Hypronepurosis, value of prone position for filling 
obstructed ureter in presence of (ab), 728 

Hypropyonepurosis, calcified (ab), 371 

HyPERTENSION, systemic arteries of intestinal wall in 
(ab), 1077 

HypERTHYROIDISM, importance of determination of 
weight of thyroid gland and clinical biologic 
factors in treatment of, with I'*!, 65 

Hyperrtropny, lower extremity, unilateral (ab), 1071 

HypopHARYNGEAL DIVERTICULA, role of cricopharyn- 
geal muscle in cases of; cineroentgeno- 
graphic study, 561 

Hypopuysectomy in advanced carcinoma of breast, 
effect of (ab), 549 

HysTEROSALPINGOGRAPHY, complications of (ab), 


g21 
experience with new contrast media for (ab), 
1070 


['3!, importance of determination of weight of thyroid 
gland and clinical biologic factors in treat- 
ment of hyperthyroidism with, 65 
-induced hypothyroidism in intractable angina 
pectoris (ab), 554 
infantile thyroid insufficiency and accessory or 
aberrant thyroid tissue demonstrated by use 
of (ab), 1084 
-labelled serum proteins, paper electrophoresis of 
(ab), 1084 
saliva, measurement of, in percentage of given 
dose per liter as index of thyroid function, 
80 
thyroid uptake and differential studies, simple 
physical concepts in, 43 
thyroid uptake, twenty-four hour, effect of dis- 
ease and drugs on, 47 
ILeir1s, regional, Crohn’s, its relation to sarcoidosis 
of small intestine (ab), 722 
ILEO-cysTOPLASTIES, radiologic examination in (ab), 
174 
ILEUM, interposition of loop of, between dome of 
diaphragm and liver (ab), 368 
terminal, reticulum cell sarcoma of (ab), 1062 
InTER-AMERICAN COLLEGE OF RADIOLOGY, 152 
INTESTINE, small, carcinoid of, with hepatic metas- 
tases and pulmonary stenosis (ab), 1062 
small, focal constricting inflammatory lesions of; 
report of 3 cases, 616 
small, in Whipple’s disease, 623 
INTRALUMINAL MESENTERY as Cause of small-bowel 
obstruction (ab), 170 
INTRAMENISCAL LUNULAE, unusual; 3 case reports 
(ab), 1073 
INTRAPARTUM lateral x-ray in conduct of dystocic 
labors (ab), 1068 
INTRATHORACIC LIpOMAS (ab), 720 
INTRAVENTRICULAR CATHETERIZATION via femoral 
artery, study of thoracic aorta and left 
ventricle by means of (ab), 1075 
INTUSSUSCEPTION, gastroduodenal (ab), 919 
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in infancy and childhood; analysis of 77 cases 
treated by barium enema (ab), 1061 
JopIDE COMPOUNDS, organic, intravenous, reactions 
from: pretesting and prophylaxis (ab), 725 
JoDINE COMPOUNDS, organic, intravenous, reactions 
to, and their immediate treatment (ab), 726 
IRRADIATION, carcinoma of thyroid following (ab), 
560 
glomus tumors, their response to, 475 
intrauterine, excessive, acute leukaemia in infant 
following (ab), 557 
low- dosage, of ovaries, repudiation of (ab), 553 
mitotic suppression and recovery after, effect of, 
on time-dose relationships; and application 
of this effect to clinical radiation therapy, 
sensitivity of cervix cancer, response of cultured 
cervix cancer cells to irradiation (ab), 1080 
supervoltage, for squamous-cell carcinoma of 
cervix, transperitoneal pelvic !ymphaden. 
ectomy following (ab), 551 
thyroid neoplasms following (ab), 560 
treatment of cancer of floor of mouth and its 
cervical metastases by (ab), 548 
IscHemiA, cerebral, angiographic study of carotid 
insufficiency and, 929 
IsoposE CHARTS from minimum experimental data, 
method for construction of, 24 
Jsoropic LOCALIZATION of placenta in placenta previa 


(ab), 370 


KIDNEY disease, multicystic, unilateral (ab), 371 
peripelvic cysts of (ab), 922 
stone surgery, use of miniature film (renogram) 
for (ab), 922 
tumors of, evaluation of clinical and radiological 
findings in forty-three cases of (ab), 173 
KiIpNEys, polycystic, ruptured aneurysm of circle of 
Willis associated with (ab), 924 
KNEE, rare lesions of growth cartilages of (ab), 1073 
KyMoGRAM in degenerative changes of iliac artery in 
lumbar aortography (ab), 740 
LAMINAGRAPHIC TECHNIQUE of bronchial tree, con- 
tribution to (ab), 913 
LaminaGraphy in cholecysto-cholangiography, value 
of (ab), 1066 
transverse; third dimension in body section 
roentgenography; application in radiation 
therapy, 130 
LARYNGOCELE; Case report, 322 
Larynx, radiation therapy in cancer of; review, 456 
Lecc-PERTHEs disease, prognosis in (ab), 925 
Leromyoma of oesophagus; report on 2 cases surgi- 
cally treated (ab), 721 
Lesions of small intestine, focal constricting inflam- 
matory; report of 3 cases, 616 
surgical, of posterior fossa, pantopaque ventricu- 
lography in localization of, 97 
LEUKEMIA, acute, in infant following excessive in- 
trauterine irradiation (ab), 557 
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and radiation, liver, 504 
human, and ionizing radiation, evaluation of 
data relating (ab), 559 
in United States, 1921-55, trends of mortality 
from (ab), 559 
Liromas, intrathoracic (ab), 720 
LIVER, assessment of size of; roentgenologic con- 
siderations (ab), 170 
radiation and leukemia, 504 
regeneration by splenoportal venography, dem- 
onstration of, 855 
LoBAR EMPHYSEMA in baby (ab), 166 
LoBSTEIN’S DISEASE or osteopsathyrosis, hyperplasia 
reaction of bone in; its evolution following 
thymoparathyroidectomy; report of case 
(ab), 734 
LOrrLER’S SYNDROME, eosinophilia, pulmonary in- 
filtration with, due to smoke inhalation; 
report of case and comment on pathogenesis 
(ab), 359 
LUMBAR MENINGOCELE, extensive, associated with 
neurofibromatosis, 1021 
LuNG cancer, intensive cobalt-60 teletherapy of (ab), 
1082 
healthy, average density of, 312 
large air cysts of (ab), 361 
lesions, cystic, from metastatic sarcoma, 303 
rheumatoid (ab), 165 
right, roentgen diagnosis of anomalous pulmo- 
nary venous drainage, of, into inferior vena 
cava; report of 3 new cases, 280 
tumor, vanishing—pulmonary hematoma, 296 
LunGs of electric-arc and oxyacetylene welders, clini- 
cal, radiographic, and pathological studies 
of (ab), 360 
thromboembolism of, 245 
LuNULAE, intrameniscal, unusual; 3 case reports 
(ab), 1073 
LYMPHADENECTOMY, pelvic, transperitoneal, follow 
ing supervoltage irradiation for squamous- 
cell carcinoma of cervix (ab), 551 
LyMpHADENOGRAPHY and lymphangiography in hu- 
mans (ab), 181 
LymMpHANGIOGRAPHY and lymphadenography in hu- 
mans (ab), 181 
LyMpHANGIOMA of duodenum, 613 
LympuHATICs in man, roentgen examination of (ab), 
738 
LympH NODE dissection, pelvic, following radiother- 
apy (ab), 746 
puncture, mediastinal, through tracheal carina 
(ab), 164 
Lympu nopes and lymphatic channels, roentgeno- 
graphic visualization of, 517 
LympHosLastoma, follicular, giant; its treatment 
with radioisotopes (ab), 183 


McGaraicor, D. B., 341 
portrait, 341 
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Mapura Foot, bone changes of; observations on 
Uganda Africans (ab), 731 

ManpIBLe with changes in dental pulp, symmetrical 
fibrous swelling of (ab), 907 

MARFAN’S SYNDROME, Case of: aortic dissection in 
pregnancy (ab), 179 

MEDIASTINAL, gastroenterogenic, cysts (ab), 916 

posterior, goiter (ab), 719 
MepIAsTINUM, human, and its significance for thor- 
acic surgery, on mobility of (ab), 719 

MeEGACOLON, psychogenic, in children: implications 
of bowel negativism (ab), 368 

“MEIGS’ SYNDROME,” so-called, associated with be- 
nign and malignant ovarian tumors (ab), 
166 

MENINGIOMA en plaque, osteoblastic metastases to 
floor of skull simulating, 964 

MENINGOCELE, lumbar, extensive, associated with 
neurofibromatosis, 1021 

MicrorabioLocy, emphysema studied by (ab), 913 

Mioxkon, cerebral angiography with (ab), 179 

Mirra and tricuspid valve regurgitation, experi- 
mentally produced, preliminary report on 
(ab), 364 

MonI_iAsis, esophageal; report of case with roent- 
genographic findings (ab), 722 

Mouth, cancer of floor of, and its cervical metastases, 
treatment of, by irradiation (ab), 548 

MucoceLe of appendix, cecal invagination by (ab), 


Mutations, production of, with fast electrons (ab), 
185 
Mye.ocrapny, abrodil, with diskography, advan- 
tages of combining (ab), 373 
MyeE toma, multiple (ab), 177 
plasma cell, acute renal failure after intravenous 
pyelography in (ab), 372 
multiple, before radiological evidence of disease, 
natural history of. Memorial Fund Lecture 
(ab), 926 
multiple, ‘‘negative” bone density in case of 
(ab), 731 
Myosiris, primary, of diaphragm; Hedblom’s syn- 
drome (ab), 1060 


NATIONAL COMMITTEE ON RApDIATION PROTECTION 
AND Measurements (NCRP); announce- 
ment of new publications and of work in 
progress, 344 

revision of handbooks, 538 

supplement to radiation handbooks summarizes 
new recommendations on maximum per- 
missible dose, 145 

Neck and head, supervoltage (2 mev.) rotation irra- 

diation of carcinoma of, 402 

lateral roentgenogram of. (With comments on 
atlanto-odontoid-basion relationship) (ab), 
gos 

NEopLasM, gastric, splenic indentation of gastric 
fundus resembling; report of 2 cases, §99 
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NeEpuRirtis, radiation, acute, in childhood (ab), 726 
NEUROFIBROMATOSIS, extensive lumbar meningocele 
associated with, 1021 
NintH INTERNATIONAL CoNnGREss OF RADIOLOGY, 
152 
Munich, July 23-30, 1959, 345 
NIsBET SYMPOSIUM: COLLAGEN DISEASE. Part I. Gen- 
eral aspects (ab), 1077 
Part II. Arthritides (ab), 1078 
Part III. Radiological changes (ab), 1078 
Part IV. Discussion (ab), 1079 
NEUROFIBROMATOSIS; clinical and roentgen mani- 
festations (ab), 730 
NEUROLOGICAL symptoms due to skeletal malforma- 
tions of cervico-occipital region (ab), go8 
NeEvuRoMuscuLAR and functiohal disorders of pharynx 
(ab), gio 
NUCLEAR RADIATION, penetrating, acute clinical 
effects of (ab), 928 


OBSTETRICAL RADIOGRAPHY, diagnostic, radiation re- 
duction in; application of electronic photo- 
graphic techniques (ab), 1070 

OcuLar effects of radiation (ab), 559 

OpONTOID PROCESS, neurological syndromes associ- 
ated with congenital absence of (ab), 359 

OrAL cavity, Hodgkin’s disease of, 430 

OrINs announces courses, 346 

OrOPHARYNX CANCERS, comparison of medium volt- 
age and supervoltage roentgen therapy in 
treatment of, 375 

Oscoop-SCHLATTER’S DISEASE, pathogenesis of (ab), 
730° 

OsTEOARTHROPATHY, pulmonary, hypertrophic, as- 
sociated with bronchial carcinoma, vagot- 
omy in (ab), 556 

Osreo_ys!Is, idiopathic hereditary and familial, with 
spontaneous stabilization occurring in child- 
hood, special form of (ab), 1073 

massive, due to hemangiomatosis; report of case 
of Gorham’s disease with autopsy (ab), 734 
massive, observations on; review of literature 

and report of case (ab), 734 

OstEomA, endocranial, skeletal osteomas, osteomas 
in peripheral soft tissues, cicatricial histio- 
cytofibroma; new syndrome (ab), 175 

Osreomas of cranial vault, abnormal or misleading 
clinical forms of (ab), 907 

OsTEOMYELITIS as complication in urology; with spe- 
cial reference to paravertebral venous 
plexus (ab), 371 

OsreopsaTHyROsIs, or Lobstein’s disease, hyper- 
plasia reaction of bone in; its evolution fol- 
lowing thymoparathyroidectomy; report of 
case (ab), 734 

OToLoGIs?’S VIEWPOINT; roentgenologic aspects of 
tympanoplasty, 956 

Ovaries, repudiation of low-dosage irradiation of 


(ab), 553 


Subject Index to Volume 81 


JuNe, 1959 


PaNncRrEAs, cystic and pseudocystic lesions of; pro- 
posed reclassification for therapeutic pur- 
pose (ab), 1079 
intravenous cholangiography in children with 
fibrocystic disease of; pilot study (ab), 1067 
PANCREATITIS, chronic, diagnostic value of radio- 
logic study of stomach and duodenum in; 
27 personal observations with correct diag- 
nosis (ab), 721 
with calcifications (ab), 1067 
PANCYTOPENIA and thymoma; report of case and re- 
view of literature (ab), 556 
PARAGONIMIASIS, pulmonary; evaluation of roentgen 
findings in 38 positive sputum patients in 
endemic area in Thailand, 236 
PELVIMETRY, x-ray (ab), 1068 
simple and accurate method of (ab), 1068 
Petvis, female, in Uganda, radiological survey of 
(ab), 724 
roentgenologic aspects of birth trauma to (ab), 
1069 
Pepric ULCER, radiological and geographical con- 
siderations in diagnosis of (ab), 367 
PERFORATIONS and fistulas, demonstration of, with 
watery suspended microcrystalline contrast 
substance (ab), 167 
PERICARDIAL Celomic cyst; re-evaluation (ab), 917 
effusions, massive, role of angiocardiography in 
surgical treatment of (ab), 917 
Pericarpitis, loculated interlobar effusion associ- 
ated with; report of 2 cases (ab), 720 
with effusion; new observations, with note on 
Ewart’s sign (ab), 363 
PERI-URETERITIS FIBROSA, with notes on 3 cases 
(ab), 923 
PrAUNCLER-HuRLER disease, clinical and radiologic 
study of case of gargoylism (ab), 925 
PHARYNX, neuromuscular and functional disorders of 
(ab), gio 
PHLEBOGRAPHY, ascending, functional, of lower ex- 
tremity by serial long film technique; evalu- 
ation of anatomic and functional detail in 
62 extremities, 841 
PINEAL GLAND, effect of rotation of skull on measured 
position of (ab), 907 
calcified, on lateral skull rotntgenogram, new 
method for localizing, 953 
on anteroposterior projections, method for lo- 
calizing, 945 
PirurraRy adenomas, restoration of sella turcica 
after treatment of, 967 
screw-implantation of, with yttrium-go (ab), 549 
PLACENTA PREVIA, isotopic localization of placenta in 
(ab), 370 
Pneumarosis of descending colon (ab), 1062 
PNEUMOENCEPHALOGRAPHY, cisternal, 984 
PNEUMOMEDIASTINOGRAPHY, oesophagus in (ab), 365 
PNEUMONECTOMYy, report of case secondary to meta- 
static bronchogenic carcinoma ten years 
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after; Addison’s disease and diabetes in- 
sipidus (ab), 727 
PneuMonIA, staphylococcal, primary, in infants and 
young children, unusual roentgen mani- 
festations of, 290 
Pneumonitis, hydrocarbon (ab), 913 
occurring in agricultural workers, acute granu- 
lomatous interstitial; farmer’s lung (ab), 165 
staphylococcal, surgical complications in thorax 
of (ab), 911 
PNEUMOPERITONEUM, aid to diagnosis of, from supine 
abdominal films (ab), 172 
spontaneous, in newborn, contributions to diag- 
nosis and etiology of (ab), 370 
POLYARTERITIS NODOSA, primary, of stomach and 
small intestine as cause of gastro-intestinal 
hemorrhage (ab), 168 
PoLyOsTOTIC FIBROUS DYSPLASIA and pregnancy; 
case report (ab), 921 
PoRENCEPHALY, clinical features of; review of 32 
cases (ab), 356 
PorTACAVAL ANASTOMOSIS; pre- and postoperative 
study of 12 cases (ab), 1076 
(ab), 369 
syndrome, value of intravenous biligrafin in di- 
agnosis of (ab), g20 
PostpNEUMONIC PsEUDO-AIR-CysTS in children (ab), 
361 
PREGNANCY and puerperium, use of tri-iodo contrast 
media in study of excretory urography dur- 
ing (ab), 1069 
aortic dissection in; case of Marfan’s syndrome 
(ab), 179 
diagnosis and significance of minor degrees of 
uterine abnormality in (ab), 724 
Hodgkin’s disease and; case reports and discus- 
sion of treatment of Hodgkin’s disease and 
leukemia during pregnancy (ab), 1069 
human, effect of triiodothyronine administration 
on elevated protein-bound iodine level in 
(ab), 182 
normal and abnormal, comparative study of 
disappearance of radioactive sodium from 
human uterine muscle in (ab), 555 
and polyostotic fibrous dysplasia; case report 
(ab), 921 
urologic complications in (ab), 1070 
PREPYLORIC NARROWINGS, roentgen diagnosis and 
management of, 582 
Prostate, radiography and tomography of (ab), 728 
PreryGIUM, treatment of, by surgery followed by 
beta radiation; analysis of 256 cases, 93 
PuLMonARyY, anomalous, venous drainage of right 
lung into inferior vena cava, roentgen diag- 
nosis of; report of three new cases, 280 
artery, right, with right venous pulmonary 
drainage into inferior vena cava, hypo- 
plasia of; cardiac dextroposition (ab), 363 
edema, roentgen diagnosis of (ab), 359 
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embolism, importance of chest roentgenography 
in diagnosis of, 255 

granulomas, less familiar roentgen patterns of; 
sarcoidosis, histoplasmosis and_noninfec- 
tious necrotizing granulomatosis (Wegener’s 
syndrome), 211 

histiocytosis X (eosinophilic granuloma); report 
of case, 231 

infiltration with eosinophilia (Léffler’s syn- 
drome) due to smoke inhalation; report of 
case and comment on pathogenesis (ab), 
359 

manifestations in collagen diseases, 264 

paragonimiasis; evaluation of roentgen findings 
in 38 positive sputum patients in endemic 
area in Thailand, 236 

stenosis and hepatic metastases, carcinoid of 
small intestine with (ab), 1062 

PYELitTIs cystica and ureteritis cystica (ab), 1071 
PYELOGRAPHY, excretory, in infants and children, 

reactions following (ab), 725 

intravenous, in plasma cell myeloma, acute renal 
failure after (ab), 372 


QuimBy, ADONIRAM Jupson, 1875-1958, 143 
portrait, 143 


Rap and roentgen, and their use in radiology (ab), 
185 
RapIaTIon and community; new role for radiologist 

(E), 337 

and leukemia, liver, 504 

beta, treatment of pterygium by surgery fol- 
lowed by, analysis of 256 cases, 93 

changes, acute, in Purkinje cells; study of C3;H 
mice and patient subjected to fractionated 
ionizing radiation (ab), 556 

doses in diagnostic x-ray procedures (ab), 744 

ionizing, and human leukemia, evaluation of 
data relating (ab), 559 

nephritis, acute, in childhood (ab), 726 

nuclear, penetrating, acute clinical effects of 
(ab), 928 

ocular effects of (ab), 559 

procedures, special, in treatment of cancer, 
course in, 709 

protection devices, some useful (ab), 745 

reduction in diagnostic obstetrical radiography; 
application of electronic photographic tech- 
niques (ab), 1070 

response, modification of, 485 

safety evaluation of fluoroscopes (ab), 745 

therapy, applications in; transverse laminag- 
raphy; third dimension in body section 
roentgenography, 130 

therapy, clinical, effect of mitotic suppression 
and recovery after irradiation on time-dose 
relationships and application of this effect 
to, 433 
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therapy and high pressure oxygen, 498 
therapy in cancer of larynx; review, 456 
therapy in certain eye conditions (ab), 184 
therapy in treatment of carcinoma of cervix, 
comparison of results obtained with surgery 
and (ab), 1079 
therapy, rotational, cancer of esophagus and 
(ab), 548 
treatment of carcinoma of cervix in a small hos- 
pital, results of, 120 
RADIATIONS, ionizing, on capillary sprouting and 
vascular remodelling in regenerating repair 
blastema observed in rabbit ear chamber, 
effect of, 859 
RADIOACTIVE chromium 51 gamma ray sources, 99 
contaminants from human skin, removal of (ab), 
748 
gold, colloidal, evaluation of use of, in treatment 
of prostatic carcinoma (ab), 183 
gold in treatment of cerebral tumors and me- 
tastasizing growths (ab), 184 
gold in treatment of prostatic cancer, new meth- 
od for handling (ab), 747 
iodine, diagnosis and treatment with; nodular 
goiter (ab), 554 
isotopes, course in clinical use of, 709 
isotopes in study of colonic absorption, use of, 89 
phosphorus, report of two cases treated with; 
haemorrhagic thrombocythaemia (ab), 182 
sodium, comparative study of disappearance of, 
from human uterine muscle in normal and 
abnormal pregnancy (ab), 555 
substances, long-lived, internal deposition of 
(E), 536 
RADIOCHLORIDE 38, study of hemorrhagic diathesis 
in patient following intraperitoneal instilla- 
tion of, 107 
RADIOGOLD in treatment of cancer of cervix (ab), 184 
RapioGraApHic chest examination of tuberculous 
patient (ab), 912 
clinical, and pathological studies of lungs of 
electric-arc and oxyacetylene welders (ab), 
360 
technique, new, for projection of anterior eth- 
moid cells; (technique of Esteban Her- 
nandez) (ab), 907 
RapioGrapuy and tomography of prostate (ab), 728 
RaDIOIODINE, course to be given in uses of, 898 
therapy, successful, in 2 cases of metastatic thy- 
roid carcinoma (ab), 1084 
tracer tests in diagnosis of hyperthyroidism (ab), 
1083 
Rapiorsoropes, giant follicular lymphoblastoma; its 
treatment with (ab), 183 
RaApDIOIsOTOPIC SCANNER TECHNICS, adaptation of 
polaroid x-ray paper prints to (ab), 555 
Rapio.ocic and surgical treatment of cancer of 
cervix in 397 cases (ab), 550 
diagnosis of stomach, on value of certain indirect 
signs in (ab), 367 


Subject Index to Volume 81 


1959 


examination in ileo-cystoplasties (ab), 174 
manifestations, cholesterolosis and its (ab), 1064 
study of hernias due to partial diaphragmatic 
aplasia in newborn (ab), 1060 
study of mediastinal opacities, contribution to 
(ab), 167 
study of osseous localizations of Hodgkin’s dis- 
ease (ab), 731 
study of stomach and duodenum in chronic pan- 
creatitis, diagnostic value of; 27 personal 
observations with correct diagnosis (ab), 
721 
RapioLocicaL and geographical considerations in 
diagnosis of peptic ulcer (ab), 367 
aspects, some, of biliary tract disease. Presi. 
dent’s address (ab), 920 
course at University of Kansas Medical Center, 
152 
estimation of fetal maturity, accuracy of (ab), 
724 
evidence of disease, natural history of multiple 
myeloma before. Memorial Fund Lecture 
(ab), 926 
health training courses, 898 
identification of fibrous dysplasia of jaws (ab), 
1072 
physics, course in, 898 
survey; complications of adrenocortical therapy 
(ab), 742 
survey of female pelvis in Uganda (ab), 724 
RaproLocicaL Society or NorrH AMERICA, new 
officers of, 345 
Rapio.ocist, new role for; radiation and community 
(E), 337 
Rapio.ocists, British, expectation of life and mor- 
tality from cancer among (ab), 558 
Rapro.ocy and pathology of skeletal system, course 
in, University of Wisconsin, 709 
diagnostic, common sense approach to problem 
of genetic hazard due to; report based in part on 
study of exposures in small American indus- 
trial city (ab), 185 
diagnostic, postgraduate course in, 346 
diagnostic, symposium on, 347 
of cerebral angiomas (ab), 163 
roentgen and rad and their use in (ab), 185 
therapeutic; President’s address, 1 
RapIopaQuE diagnostic agents, nature of toxic action 
of (ab), 725 
RADIOTHERAPY, pelvic lymph node dissection follow- 
ing (ab), 746 
RADIOVITAMIN By, urinary excretion of, in carriers of 
Diphyllobothrium latum (ab), 556 
RecrosiGMoip endometriosis, radiographic features 
of (ab), 1063 
Rectum, large diverticulum of; report of case, 694 
RENAL PUNCTURE (ab), 173 
RENOGRAM, miniature film, for kidney stone surgery, 
use of (ab), 922 
RETICULOENDOTHELIOSIS, acute and subacute, roent- 
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gen examination of gastrointestinal tract as 
aid in diagnosis of (ab), 1063 
RETROCAVAL URETER (ab), 37 
RETROPERITONEAL gas insufflation, transinterverte- 
bral (ab), 372 
Rocky Mountain RApDIoLoGIcaL Society, 152; 1057 
RoENTGEN and rad and their use in radiology (ab), 
185 
appearance of “esophageal lip,’ 
57° 
appearance of stomach and duodenum following 
Billroth I gastric resection, 576 
aspects of blastomycosis, 22 
change in disease of appendices epiploicae, 640 
diagnosis and management of prepyloric narrow- 
ings, 582 
diagnosis, generalized cytomegalic inclusion dis- 
ease, with emphasis on (ab), 743 
diagnosis of acute appendicitis (ab), 919 
diagnosis of anomalous pulmonary venous drain- 
age of right lung into inferior vena cava; re- 
port of three new cases, 280 
diagnosis of pulmonary edema (ab), 359 
evaluation of chest after thoracic surgery (ab), 
examination of colon, our changing concepts of 
(E), 701 
examination of lymphatics in man (ab), 73 
findings in aneurysm of descending thoracic 
aorta, 819 
findings in 38 positive sputum patients in en- 
demic area in Thailand, evaluation of; pul- 
monary paragonimiasis, 236 
less familiar patterns of pulmonary granulomas; 
sarcoidosis, histoplasmosis and _noninfec- 
tious necrotizing granulomatosis (Wegener’s 
syndrome), 211 
observations of ileostomy in patients with idio- 
pathic ulcerative colitis; II. Ileostomy dys- 
function (ab), 169 
pattern, variations in; sigmoid volvulus, 683 
-ray phantoms, plastic, 33 
rays, effect of large dose on development of hu- 
man fetus (ab), 181 
sign of gangrenous appendicitis, 637 
sign of translucent metaphyseal lines in new- 
born (ab), 374 
signs of contrast material dissection of aortic 
wall in direct aortography, 826 
studies after aspiration of metallic mercury (ab), 
165 
study, delayed gastric emptying, of abdomen in 
detection of ulcer, carcinoma and other or- 
ganic disease of upper alimentary tract, 
value of, 609 
study of normal lumbosacral spine, important 
aspects in (ab), 732 
therapy in treatment of oropharynx cancers, 
comparison of medium voltage and super- 
voltage, 375 


variations in, 
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unusual manifestations of primary staphylococ- 
cal pneumonia in infants and young chil- 
dren, 290 
RoENTGENOGRAM, lateral, of neck; with comments on 
atlanto odontoid-basion relationship (ab), 
skull, lateral, new method for localizing pineal 
gland on, 953 
ROENTGENOGRAMS of entire spine with gradient 
screen (ab), 178 
positive, plus positive sputum smears do not al- 
ways equal pulmonary tuberculosis, 187 
single, television contrast expansions of, 325 
ROENTGENOGRAPHIC diagnosis and surgical treat- 
ment of basilar artery insufficiency (ab), 909 
examinations, mass, in Bavaria (ab), 720 
procedures, angiocardiography and other, new 
intensifying screen-film combination for 
(ab), 738 
visualization of lymph nodes and lymphatic 
channels, 517 
ROENTGENOGRAPHY, body section, third dimension 
in; transverse laminagraphy; applications in 
radiation therapy, 130 
chest, in diagnosis of pulmonary embolism, im- 
portance of, 255 
ROENTGENOLOGIC and clinical correlation of physi- 
ology of colon, 650 
aspects of birth trauma to pelvis (ab), 1069 
aspects of tympanoplasty; otologist s viewpoint, 
956 
changes of skeletal system in Cushing’s syn- 
drome (ab), 735 
considerations; assessment of size of liver (ab), 
170 
considerations with respect to lumbosacral spine, 
some anatomical and; with special reference 
to retrodisplacement (ab), 1074 
demonstration of wall calcifications in region of 
left atrium, clinical significance of (ab), 363 
diagnosis and differential diagnosis of intra- 
spinal tumors (with consideration of clinical 
symptomatology) (ab), 729 
examination of biliary tract, cholecystokinin in 
(ab), 172 
features of Ebstein’s anomaly of tricuspid valve, 
788 
findings, early and late, in corrosive gastritis; 
report of case, 603 
localization, of cervicothoracic tumors, their 
technical aid to, 316 
picture, changing, in pulmonary tuberculosis 
under modern chemotherapy, 196 
principles of new stereotaxic apparatus, IOoI 
procedures using new evacuant, bisacodyl, bowel 
preparation for, 696 
studies of urinary tract following pulmonary 
angiography with large doses of contrast 
media in tuberculosis of lung (ab), 1071 
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ROENTGENOLOGY, diagnostic, refresher course in 
346; 898 

ROENTGENOSCOPIC IMAGE AMPLIFICATION, normal 
pulsations in pulmonary vascular tree as 
seen with, 801 


Sarcorposis, histoplasmosis and noninfectious nec- 
rotizing granulomatosis (Wegener’s syn- 
drome); less familiar roentgen patterns of 
pulmonary granulomas, 211 

of small intestine; its relation to Crohn’s regional 
ileitis (ab), 722 
SARCOMA, metastatic, cystic lung lesions from, 303 
reticulum cell, of terminal ileum (ab), 1062 

Scinticrams of thyroid gland, liver, etc., electronic 
method for improving contrast in (ab), 184 

SELLA TURCICA after treatment of pituitary adeno- 
mas, restoration of, 967 

S1ALoGcrRaPHy in children (ab), 719 

SILHOUETTE SIGN (ab), 364 

SKELETAL diseases, some, generalized, histological 
changes encountered in (ab), 179 

malformations of cervico-occipital region, neuro- 
logical symptoms due to (ab), 908 

manifestations of general disease, discussion on 
(ab), 178 

manifestations of parent-induced trauma in in- 
fants and children (ab), 1072 

SKULL, effect of rotation of, on measured position of 

pineal gland (ab), 907 
osteoblastic metastases to floor of, simulating 
meningioma en plaque, 964 
roentgenogram, lateral, new method for localiz- 
ing calcified pineal gland on, 953 

SPINAL CANAL, block of, caused by herniated disk, 

SPINE, entire, roentgenograms of, with gradient 
screen (ab), 178 

examination, preplacement, consideration of 
pre-existing congenital and acquired condi 
tions in (ab), 732 

lumbar, value of preplacement examination of 
(ab), 733 

lumbosacral, normal, important aspects in roent- 
gen study of (ab), 73 

lumbosacral, some anatomical and roentgeno- 
logic considerations with respect to; with 
special reference to retrodisplacement (ab), 
1074 

SPLENIC INDENTATION of gastric fundus resembling 
gastric neoplasm; report of 2 cases, 599 

SPLENOMEGALY, splenoportography in diagnosis of 
(ab), 927 

SPLENOPORTOGRAPHY in diagnosis of splenomegaly 
(ab), 927 

Srayton, CHESTER A., Sr., 1889-1958, 706 
portrait, 706 

STEREOTAXIC apparatus, new, roentgenologic princi- 
ples of, 1001 
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STERILITY, curable form of; Stein-Leventhal syn- 
drome (ab), 370 
STERNAL SUTURES, premature obliteration of, and 
pigeon-breast deformity (ab), 177 
SromacH and duodenum following Billroth I gastric 
resection, roentgen appearance of, 576 
eosinophilic infiltration of (ab), 1061 
on value of certain indirect signs in radiologic 
diagnosis of (ab), 367 
STRUMA MALIGNA (ab), 1085 
SYNDROME, new; endocranial osteoma, skeletal 
osteomas, osteomas in peripheral soft tis- 
sues, cicatricial histiocytofibroma (ab), 175 
Stein-Leventhal; curable form of sterility (ab), 
370 


TELECOBALT THERAPY, fixed field and_ rotational, 
clinically useful data for, 30 
TELEPAQUE OPACIFICATION of radiolucent biliary 
calculi; “Rim sign” (ab), 723 
TELETHERAPY, Cobalt 60 hectocurie, advantages and 
limitations of, 38 
cobalt 60, physical and clinical advantages and 
limitations of; Part I, physical factors, 13 
cobalt 60, physical and clinical advantages and 
limitations of; Part II, clinical considera- 
tions, I9 
TETRALOGY OF haematogenous brain abscess 
complicating (ab), 163 
THERAPEUTIC RADIOLOGY; President’s address, 1 
THERAPY, fixed field and rotation, precision cobalt 60 
unit for, 4 
telecobalt, fixed field and rotational, clinically 
useful data for, 30 
TuHoracic aorta, descending, roentgen findings in 
aneurysm of, 819 
surgery, on mobility of human mediastinum and 
its significance for (ab), 719 
surgery, roentgen evaluation of chest after (ab), 
THROMBOCYTHAEMIA, haemorrhagic; report of two 
cases treated with radioactive phosphorus 
(ab), 182 
THROMBOEMBOLISM of lungs, 245 
THRomMBOs!s, splenic vein; 3 cases (ab), 740 
THyYMoMA and pancytopenia; report of case and re- 
view of literature (ab), 556 
Tuyroi activity in Triturus viridescens and Des- 
mognathus fuscus, comparison of effects of 
goitrogen on (ab), 1084 
function assay with radioiodine; correlation of 
thyroidal clearance factor and percentage 
uptake, 74 
function, effect of oral and intravenous cobaltous 
chloride on (ab), 555 
function, measurement of saliva I in  per- 
centage of given dose per liter as an index 
of, 80 
gland and clinical biologic factors in treatment 
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of hyperthyroidism with I'*!, importance of 
determination of weight of, 65 
neoplasms following irradiation (ab), 560 
TIME-DOSE relationship in Stage I carcinoma of 
uterine Cervix, III 
relationships, effect of mitotic suppression and 
recovery after irradiation on; and applica- 
tion of this effect to clinical radiation ther- 
apy, 433 
Timer, photoelectric, automatic, for universal use 
(ab), 560 
TomoGrapuy and radiography of prostate (ab), 728 
of cavum, of facial bones and of base of skull in 
Hirtz position (ab), 719 
TONGUE, carcinoma of base of, 420 
TorvuLOstIs, pulmonary (ab), 912 
TRACHEAL CARINA, mediastinal lymph node puncture 
through (ab), 164 
TRANSINTERVERTEBRAL retroperitoneal gas insufHla- 
tion (ab), 372 
Trauma, birth, to pelvis, roentgenologic aspects of 
(ab), 1069 
parent-induced, in infants and children, skeletal 
manifestations of (ab), 1072 
Tricuspip and mitral valve regurgitation, experi- 
mentally produced; preliminary report on 
study of (ab), 364 
valve, roentgenologic features of Ebstein’s 
anomaly of, 788 
TRIIODOTHYRONINE administration, effect of, on 
elevated protein-bound iodine level in hu- 
man pregnancy (ab), 182 
TUBERCULOSIS, PULMONARY, active, risk of develop- 
ing; pulmonary infiltration and fibrosis of 
unknown etiology (ab), 720 
medical management of (ab), 914 
positive roentgenograms plus positive sputum 
smears do not always equal, 187 
surgery of (ab), 914 
under modern chemotherapy, changing roent- 
genologic picture in, 196 
TuBERCULOUS patient, radiographic chest examina- 
tion of (ab), g12 
reinfection, Ghon focus of, 207 
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YOU CAN AVOID RETAKES IN MOBILE RADIOGRAPHY 


New Westinghouse Newport 200 
won't let you make a bad exposure! 


Here’s why—if exposure is attempted on a line where the kv 
drop is sufficient to reduce penetration to an unacceptable 
level, the new Westinghouse Expose-Sure circuit rejects the 
technique and lights a “‘no exposure” light. 

Newport 200 is also current conscious! It automatically 
compensates via the timer for any change in milliamps—'4o0 
sec through 300 mas. For extra-fast timing, %o sec is avail- 
able optionally. 

For complete information, please contact your local West- 
inghouse X-ray salesman, or write Westinghouse Electric 
Corporation, X-ray Department, Section 380, 2519 Wilkens 
Avenue, Baltimore, Maryland. J-08380-A 
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urethral 
strictures OF THE LOWER URINARY TRACT 


€) Beard, Goodyear and Weens' state: 


“X-ray contrast studies are, however, quite essential in many of 
the diseases affecting the lower urinary tract if a complete and 
exact diagnosis is to be made. As an example: It is not 
sufficient to know that a patient has a urethral stricture. Before 
proper treatment can be instituted the exact location, length 
| "o and caliber of the stricture should be determined and such 
Q re information may readily be obtained by urethrography.” 


| { 1. Beard, D. E., Goodyear, W. E., and Weens, H. S.: Radiologic Diagnosis of The Lower Urinary Tract. 
Charles C. Thomas, 1952. 
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THE MOST SATISFACTORY 
MEDIUM AVAILABLE 


Denman? states: 


‘,.. urethrographic fluid must be safe if it enters the vascular 
system and... it must be viscous enough to distend the urethra 
and remain in position long enough to secure a good film... 
Mallinckrodt has developed a new medium [THIXOKON] 
that appears to satisfy these requirements.” 


2. Denman, John: Thixokon, An Improved Urethrographic Medium, J. Urol., 78:93 (July 1957). 
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Always Dependable... 


...in Quality. Red Seal is always 
consistent in the qualities that are so 
vital in an X-ray film. Its extremely 
high speed minimizes radiation dos- 
age, prolongs tube life, offsets patient 
movement. Its superb definition and 
contrast are invaluable in difficult 
diagnoses. 


... in Packaging. Here, too, tradi- 
tional British craftsmanship is evi- 
dent. Each 75-sheet box contains 
three 25-sheet packets, separately 
wrapped in heavy foil as added pro- 
tection against accidental fogging 
and extreme ranges in temperature 
and humidity. 


iN Supply. tiford Red Seal is 
promptly available in all standard 
sizes—5" x 7" through 14" x 17"— 
from General Electric, Keleket, 
Picker, Westinghouse and their au- 
thorized dealers. 


If you have not yet tried this superior X-ray film 
and would like to do so, any of the above-named sup- 
pliers will be pleased to arrange a demonstration. 


ILFORD ING. 37 WEST 65th STREET, NEW YORK 23, N. Y. 


IN CANADA: Canadian distributors for Ilford Limited, London: W. E. Booth Co., Ltd., 12 Mercer St., Toronto 2B 
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Unobstructed table — easy pas- Draft-horse stamina — Regent is 
sage all around . . . ideal for con- built to shoulder your heaviest 
sultation viewing. x-ray schedules. 


Full-room tube travel for most 
logical placement of radiographic 
apparatus. 


Counterbalanced x-ray tube 
positions at a touch — no com- 
plicated motor drive. 


Roomy table top for patient 
comfort; simplifies positioning ... 
reduces handling. 


Super-Speed Recipromatic Bucky Bi-lateral tube hanger allows 
accepts interchangeable grids and convenient cross-table radiog- 
G-E phototimer. ee raphy right from fronf of table 
... or rear, if desired. 


Table tilts to 45° Trendelenburg Hydraulic o: 
— more than cdequate for myelsg- tip contralle: 
raphy, intravenous pyelography smooth and qu 


and gastro-intestina! studies. 


Extreme vertical range of tubs No tugging 
hanger makes low-angle position- rediogrant 
ing easy. mo 


4 
| 
gives you more all-round = 


‘45° Trendelenburg 
dequate for myelog- 

fenous pyelography 
stinal studies. 


iced range of tube 
lowsangle position- 


Hydraulic angulation, finger- 
tip controlled — response is fast, 
smooth and quiet. 


| 


No tugging or fiddling to aim 
radiographic fube, thanks to full 
universal movament. 


Automatic spot-film unit — a 
sturdy “featherweight” to lessen 
fatigue in fluoroscopy. 


Spot-film phototimer has G-E 
sealed detector — unaffected by 
brightest room light. 


4 
; 


Fuli-screen viewing — with pri- 
maty rays automatically confined 
to fluoroscopic-screen area. 


Flueroscopic safety feature — 
panels close table slot when Bucky 
4s parked at either end. 


Click signal tells correct clign- 
ment when centering tube hanger 
to table's long axis. 


= 


General Electric’s Regent freestanding ‘‘island’’ table 
and new overhead tube hanger — dramatically improved 
Operating facilities for the diagnostic x-ray room 


¥ 
4 
? 
LO 
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Regent offers choice of three 


General Electric lightweight spot-film units... 


Working with General Electric offers 
many plus values — extras that cost 
you nothing, yet count for so much. For 
one, installation planning — the ability 
fo arrange your equipment for peak 
functional efficiency. Also nationwide 
facilities to bring you a complete line 
of supplies, repair and parts service 
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SALES AND SERVICE OFFICES 


ALBANY 7, N.Y. “aa 8 Elk St. 
ATLANTA 9, GA. - 1383 Spring St., N.W. 
BALTIMORE 18, MD. - 3012 Greenmount Ave. 
BIRMINGHAM 5, ALA. - - 7075S. 21st St. 
BOSTON 35, MASS. 1256 Soldier Field Rd. 
BUFFALO 13, N.Y. 960 Busti Ave. 
BUTTE, MONT. - - 103 N. Wyoming St. 
GEARLESTON 1, W.VA. - 

- += = = 5616 MacCorkle Ave., S.E. 
CHARLOTTE 4, N.C. 1.140 Elizabeth Ave. 
CHATTONOOGA 3, TENN. - 507 E. Eighth St. 
CHICAGO 7, ILL. 1061 W. Jackson Blvd. 
CINCINNATI 25, OHIO 
sr. 3056 W. McMicken Ave. 
COLUMBUS 12, OHIO - 1373 Grandview Ave. 
CLEVELAND 15, OHIO - 3829 Carnegie Ave. 
DALLAS 7, TEX. - - 1616 Oaklawn Ave. 
DENVER 5, COLO. - 3031 E. 40th Ave. 
DES MOINES 12, IA. - 2211 W. Grand Ave. 
DETROIT 19, MICH. 18801 W. 7 Mile Rd. 
DULUTH 1, MINN. - 928 E. Second St. 
EAST SYRACUSE, N.Y. 1937 Teall Ave. 
HARTFORD 5, CONN. 528 Farmington Ave. 
HONOLULU 1, T.H. Fort and Queen Sts. 
HOUSTON 1, TEX. 1830 Westheimer Rd. 
INDIANAPOLIS 7, IND. 1845 W, 18th St. 
JACKSONVILLE, FLA. 210 W. 8th St. 
KANSAS CITY 6, MO. 112 W. 19th St. 
LITTLE ROCK, ARK. 3015 Lewis St. 
LOS ANGELES 29, CAL. - 1225 N. Vermont Ave. 
LOUISVILLE, KY. 501 W. Oak St. 
MEMPHIS 3, TENN. 778 Madison Ave. 

Mi,FLA. - - 704 S.W, 27th Ave. 

WAUKEE 3, WIS. 547 N, 16th St. 

NEAPOLIS 2, MINN. - 808 Nicolett Ave. 
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MODEL 60-2 automatic spot-film 
device — functionally identical to 
Model 60-3, exclusive of sealed 
phototiming detector. 


table tilting, cassette ejection. 


You'll like doing business with General Electric 


whenever needed. Technical literature 
and consultation with skilled engineer- 
specialists to aid in resolving special 
x-ray problems. 

Still another plus — less apparent 
but no less significant — is the story 
told by the G-E nameplate on your ap- 
paratus. It’s a badge of integrity to 


NEWARK 2,N. J. - - -  - 11 Hill St. 
NEW ORLEANS 25, LA. - 7715 Edinburgh St. 
NEW YORK 17, N.Y. - 205 E. 42nd St. 
NORFOLK, VA. 218 Flatiron Bldg. 
OKLA. CITY 7, OKLA. - 4030 N.W. Tenth St. 
OMAHA 2, NEBR. - - 1617 Dodge St. 
PHILADELPHIA 32, PA. - - - - - 

- + + + + Hunting Pk. Ave. at Ridge 
PHOENIX, ARIZ. - 821 W. Adams St. 
PITTSBURGH 6, PA. - 231 S. Euclid Ave. 
PORTLAND 10, ORE. - 522 N.W. 23rd Ave. 
PROVIDENCE 9, R.1. 241 Harris Ave. 
RICHMOND 21, VA. - 3425 W. Leigh St. 
ROANOKE, VA. -_ 115 Albermarle St., S.E. 
ROCHESTER 7, N.Y. - 75 College Ave. 
ST. LOUIS3, MO. - - 2010 Olive St. 
SALT LAKE CITY, UTAH 215 S. 4th East 


Progress /s Our Most Important Prodvet 


GENERAL ELECTRIC 


X-RAY DEPARTMENT © MILWAUKEE 1, WISCONSIN 


| 


MODEL 60-3 automatic, phototimed spot-film device offers power transfer of 
cassettes into and out of exposure position ... many elective exposure patterns | 
Exposure initiated by pushbutton on spot-film device or by footswitch. Sealed | 
phototiming detector assures consistent film density, exposure after exposure 
. not affected by room light. Cassette ejector pops cassettes well above cq. 
riage for easy removal with gloved hand. Convenient, “up-front” controls fo, | 
film sequencing, x-ray exposure, cassette release-return, aperture shutters 


| 
| 


MODEL 60-1 semi-automatic spot-film , 
device — performance similar to 60.3 
version, exclusive of phototiming. 
nomical design, employing spring-motor 
propulsion for fast transfer of cassette 
to exposure position. Manual cassette | 
return. | 


patients and professionals alike. 
Below is the list of General Electrics 
cross-country sales offices. Call the one 
in your locale for complete information 
on the G-E Regent with new overhead 
tube hanger. Or write for information 
to X-Ray Dept., General Electric Com. 
pany, Milwaukee 1, Wis., Room 1903 


SAN ANTONIO 12, TEX. - - - - - 

101 N. McCullough Ave. 
SAN DIEGO 1, CAL. - 521 Grape S$ , 
SAN FRANCISCO 3, CAL. - 1269 Howard $ 
SEATTLE 9, WASH. - - 217 8th Ave.N. 
SHREVEPORT, LA. - - 1511-13 Line Ave. 
SPOKANE, WASH. - N. 1112 Washington $. 
SPRINGFIELD, ILL. - 917-19 E, Adams $. 


SYRACUSE 6, N.Y. - - 3001 James &. 
TAMPA 6, FLA. - - 1009 Plott 
TOLEDO 4,OHIO - - - 520 Broadway 
TULSA 19, OKLA. - - 1101 S. Main 


806 15th St., NW. 
372 Burncoat 


WASHINGTON 5, D.C. - 
WORCESTER 5, MASS. - 


CANADA 


GENERAL ELECTRIC X-RAY CORPORATION, LID. 


EDMONTON, ALTA. - 11051 95th St 
HALIFAX, N.S. 125 Cunard & 
MONTREAL 9, QUE. 
—- 8325 Mountain Sights Ave. 
TORONTO 10, ONT. - 1553 Eglinton Ave. W 
VANCOUVER, B.C. - 645 Hornby 
WINNIPEG, MAN. 565 Portage Ave. 


EXPORT 
X-RAY AND MEDICAL PRODUCTS SALES 
INTERNATIONAL GENERAL ELECTRIC CO. 
150 E. 42nd St., New York 17, N.Y. 
Offices in Principal Cities of the World 
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“There are three cholecystographic media 
in current use... Of these three media, 
Telepaque must be considered superior. 
Nearly without exception, numerous 
comparative studies have reached ; 
this conclusion.” 


Johnson, P. M. (Univ. North Carolina): { 
Oral cholecystography, } 
North Carolina M. J. 18:533, Dec., 1957. 


DN, LTD. 


| 95th St. 
‘unard 


ights Ave. 
Ave., 
fornby 
rtage Aye. 


5 SALES 
RIC CO. 
NY. 
World 


Dose: 2 to 3 Gm. (4 to 6 tablets) at night after a light i eT 
supper — patient’s gallbladder concentrates Telepaque 
during the night (on his own time) — ready for X-ray i 
study in the morning. 


Supplied: Tablets of 500 mg., envelopes of 6 tablets, ' 
boxes of 5 and 25 envelopes; also bottles of 500 tablets. q 
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PRINTED IN 


FLOOR SCREENS 


INEVERY PRICE RANGE...FOR EVERY PURPOSE 


ae - m NO. 124 “EFFICIENCY” NO. 130 “EFFICIENCY” NO. 185 a NO. 186 “DELUXE” 


_ SAFEGUARD AGAINST 
X-RAY RADIATION! 


BOTH DIRECT AND DEFLECTED 
For Further Information Write For NEW Catalog! 


NO. 187 “SWING-A-WAY” NO. 123B ead Rubber $ NO. 1220 “ADJUSTABLE” 24” x 48” 


33” x 72” Pivot Action $ $] A500 24” x 36” Lead Rubber $4 F00 Lead Rubber Mobile Shield $70 


Attractive Slate Grey... Shield. Covered 2 Sides... Covered 2 Sides... 


24” x 72” $7 30” x 72” $80° 33”x72” $1 20% 33” x 72” 30 | 
Blonde Grained Walnut... Blonde Grained Walnut .. . Attractive Slate Grey... Attractive Slate Grey... 


DISTRIBUTED THROUGH RELIABLE DEALERS EVERYWHE 


WOLF X-RAY PRODUCTS, ING 
93 UNDERHILL AVE. BROOKLYN 38, NEW YO 
BRANCH OFFICE: 1909 W. 9th ST., LOS ANGELES, © 


Medical and Dental 
X-Ray Accessories 
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2 offices, too)) 


can now 


afford it 


mew PICKER 


major breakthrough in bringing precision 


scintillation scanning within low-budget reach, 


costs so little... $3300 complete 


does so much .. . ali manner of scintillation scanning (uptake measurements, too) 


focusing and uptake collimators are both provided 


so well ... high accuracy scan images with small doses 


has 2” crystal — Pulse Height Analyzer — variable contrast enhancement 


so easily ... Simple controls, motorized detector travel 


it’s so compact 
... fits into the smallest Get particulars from your local 
office—either mobile stand Picker office (see "phone book) 
or wall mount , or write: Picker X-Ray Corpora- 
tion, 25 South Broadway, White 
Plains, New York. 


and so handsome 
... beautifully propor- 
tioned and finished to 

complement any decor 


no capital investment if you’d rather rent—ask about the PICKER RENTAL PLAN 


‘ 
Les, CM : 


predicting ready professional acceptance 


for ths NEW ORAL 


Bunamiody] 


single dose dependability - new low in side effects 


the visualizable gallbl 
costly repeat studies 


les should be swallowed, one at : tine. appt 


the examination. No variation from the. us 


cal compound, is (3-butyrylamino-2 4,6-triiodophenyl 


pplied in envelopes of 6 capsules (0.75 Gm. each) 
ble in hospital-size bottles of 250 capsules, ' 


OMPANY, INC - Hicksville, Long Island, New 
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time 
for minimum exposure 
... maximum clarity 


To date, no x-ray film has been produced 


that will entirely eliminate radiation ex- 


posure. But we have proven through innu- 
merable tests that Gevaert world-renowned 


film may be subjected to a sharp reduction 


in exposure time and still produce a radio- 
graph of finest definition. Gevaert’s excep- 
tional speed and wide latitude could be 
your answer to the exposure-conscious. Why 


not test it to prove our claim? 


7 “NE PLUS ULTRA” 


GEVAERT 


X-RAY FILM 


Exclusive Distributors: Low X-Ray Film Corporation, 161 Sixth Avenue, New York 13, N. Y. e Other Offices: 9109 Sovereign Row, 
Dallas 35, Texas © 725 No. Highland Ave., Los Angeles 38, Calif. © 6611 No. Lincoln Ave., Chicago 45, Ill. © Nationwide Warehousing 
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the optimum in functional beauty 
\ 


the NEW 


DUO-TILT 90/90 
Motor-Driven TABLE 
for FLUOROSCOPY and RADIOGRAPHY 


Operates on a SINGLE fulcrum .. . tilts in one continuous 
movement from 90° vertical to 90° trendelenberg (180° 
angulation) with NO shifts or stops. It can be set to stop 
at horizontal automatically, if desired. 


During fluoroscopy, as the table is tilted, the spot device 
rotates around and does not move away from the position 
occupied by the operator. 


Easily visible scale shows exact table angulation. 


Spot Device mounted atop a telescopic tower gives lowest 
profile of any comparable X-Ray table. 


Spot film device is quickly and easily "parked" out of the 
way, leaving table top free and clear. 


NO ROOM ALTERATIONS REQUIRED. 


X-RAY COMPANY 


1932 No. Burling St.—Chicago 14, Ill. 


N, 
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Write for complete details 


CAN YOU 
USE A 


“Silent 


Service” 
in vour 


DARKROOM 


e at no additional cost! 


It’s true. One call to any of the organizations listed below is like hiring an extra technician 
... without extra pay. And look what he does: 


He will thoroughly clean and scrub your tanks, electrically compound 
all chemicals, replace worn plugs without charge, supply prepared re- 
plenishers, completely filtrate all prepared solutions, and eliminate stor- 
age or handling of bulk chemicals. All this with your choice of Ansco, 
DuPont, Kodak solutions or the proven formulae compounded by each 
service organization. Non-staining solutions also available. You pay 
only for the chemicals . . . there is no charge for this service, Why not 


call today? 
-RAY SoLuTION SERV ICES 

CONNECTICUT MASSACHUSETTS NEW JERSEY 
Parker X-Ray Solution Service A. A. X-Ray Solutions Albert-Acan X-Ray Solutions 

Hartford—JA 8-7114 Roxbury—HI 5-5335 UN 3-6511 

New Haven—SP 6-1567 

Medical & Industrial X-Ray Serves 

DISTRICT OF COLUMBIA Albert-Acan X-Ray Solutions 1-1460 
Ace X-Ray Solutions Detroit—UN 4-0827 Toledo—RA 6-7173 

Washington—EX 3-1595 Flint—SU 5-0808 Youngstown—SW 9-062 
MARYLAND NEW YORK PENNSYLVANIA 
Ace X-Ray Solutions Albert-Acan X-Ray Solutions Astor X-Ray Solutions 


Baltimore—DI 2-0500 Woodside—RA 1-4300 Philadelphia—DE 3-2000 
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ULKPAK 
HIGH-SPEED X-RAY FILM 


Designed specifically 
for quantity users of 
Medical X-Ray Films 


BULKPAK 600 NON-INTERLEAVED e BULKPAK 300 INTERLEAVED 3 


1. BULKPAK is the best way 


for volume users to buy 
film. 


2. BULKPAK Saves space. 
Up to twice as much film 
in less space than conven- 
tional packings. 


3. BULKPAK makes film 
handling easier, surer, 
neater ...and faster! 


4. BULKPAK effects greatest 
possible film economy. 


EASIEST OPENING AND HANDLING — Die cut 
pull-tab on shipping carton and intermediate units 
provides easy and safe way for opening Bulkpak. 

No more darkroom fuss . . . and more film packs into 
less space this new way. 


| 
| | 
X-Ray Bulkpak 


Save time in handling... with bulk film economy 


1. To open Bulkpak, pull die-cut tab. Rein- 2. Shipping carton contains four individual 
forced rayon filament rip-strip insures easy units. No longer any need to handle huge 
tearing. Boxes can be opened in an instant. quantities of film a few sheets at a time. 


3. Intermediate units also open with rip-strip 4. Film is packed in sealed aluminum foil 
tab. Bulkpak 600 contains four 150 sheet pouches for maximum protection. Assures 
units; Bulkpak 300, four 75 sheet units. fresh, ready-to-use film supply every time. 


Built-in rip-strip tabs on all corrugated packaging 


Ansco’s unique rip-strip tabs take the work out of film handling. 
All corrugated film boxes are supplied with this easy-to-open 
rip-strip tab. Even a girl can unpack and store an entire carton of 
film in just a few minutes. 


CONVENTIONAL 150 PACK ALSO FEATURES RIP-STRIP PACKING 


Standard 150 sheets non-interleaved packaging is also available in 
the new rip-strip container for greater user convenience. 


Ansco BINGHAMTON, NEW YORK 
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Cobalt 60 unit introduces a NEW dimension in QUALITY 


You are cordially invited to visit our Stand 
Number 76, Hall D, Ninth International 
Congress of Radiology, Munich, Germany- 
July 23-30, 1959, 


NOW - You can DIAL the field to fit the 


tumour— No more clumsy, time con- 
suming shaper blocks. 


PLUS -EXCLUSIVE, two-plane rota- 
tion that adds still another dimension to 
your treatment techniques. 


EXCLUSIVE - NEW, fully motorized, 
built-in stretcher. Precision fingertip posi- 
tioning reduces set-up time, increases 
technician efficiency and patient’s 
comfort. 


For full details on the NEW and EXCLUSIVE features available only on 


NEW -HIGHER CAPACITY. Deliver 
a 300 r tumour dose in 3 minutes at 75 
cm. Increase load — Decrease operating 
costs. 


ALL THIS-plus SINGLE SHAFT 
ROTATION that gives absolute preci- 
sion with a constant, accurately centered 
beam during rotation. Not even the 
slightest “wobble” in sourcehead motion. 


AECL’S THERATRON “B”, please write to 


COMMERCIAL PRODUCTS DIVISION  - 


ATOMIC ENERGY OF CANADA LIMITED 


OTTAWA - CANADA 


59-1M ...Wwith representatives in major cities throughout North America. 
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In 
Diagnostic 
Radiography 


Make your choice in tube replacement— 


the manufacturers overwhelming choice 


for original equipment 
| 


—a Machliett Dynamax 


| 

| 

Pioneered and perfected by Machlett Laboratories the 
| Dynamax Rotating Anode Tube is today the most widely 
used diagnostic x-ray tube. Superior in quality, proven in 
dependability, the Dynamax line offers the radiologist the 
broadest possible range of power levels, focal spot combina- 
tions; and cable angulations providing, in turn, a tube for 
every diagnostic x-ray application. 

Chosen by manufacturers the world over as the most reli- 
! able tube for original equipment, the Dynamax is a logical 
| choice for reliable tube replacement. 

| 


Consult your local x-ray dealer for complete information. 


X-RAY TUBES SINCE 1897 — TODAY THEIR LARGEST MAKER 


MACHLETT LABORATORIES, INC. 
Springdale, Connecticut 
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of Radioactive Isotopes 


Contents 


How to establish your radioactive isotope program 
Evaluation of thyroid function using radioiodine . 
Studies of kidney function with radioactive diodrast 


Estimation of cardiac output with radioiodinated 


Evaluation of liver function with radioactive rose bengal 


Blood and plasma volume measurements using 
radioiodinated serum albumin 


Measurement of red cell mass with radiochromium 
Diagnosis of pernicious anemia with radiocobalt Vitamin Biz 


Fat digestion and absorption with radioiodine 
labelled triolein . . . + + «© « « 


Scanning body areas for radioi rations . 


Published and copyrighted 1958 by Nuclear-Chicago Corporation 
223 West Erie Street, Chicago 10, Illinois 


nuclear - chicago 


WEST ERIE STREET + CHICAGO 16, 


send for this information on use of radioisotopes 


We will be happy to send you this new ee ee 
brochure outlining typical procedures and NUCLEAR-CHICAGO CORPORATION ' 
___ instrumentation required for the most 257 W. Erie St., Chicago 10, Illinois 1 
important clinical radioisotope studies. Just pis a H 
mail the coupon. No obligation, of course. i Please mail me a copy of “Diagnostic Applications of 1% 
} Radioactive Isotopes.” 
a (Name) 
a 
nuclear - chicago 


® 257 WEST ERIE STREET © CHICAGO 10, ILLINOIS 


(City) (Zone) (State) 
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MEDOPAQUE-H 
CHOLANGIOGRAM 


improved 


MEDOPAQUE- Hi 


for Hysterosalpingography and Cholangiography 
 RADIOLOGICALLY IMPROVED 


20% net iodine content provides optimal radio-contrast 


CLINICALLY IMPROVED 


well tolerated, completely absorbable, suitably 
viscous, aqueous and miscible 


PRICE UNCHANGED A 


$1.75 per vial of 10 cc. In quantity as low as $1.50 


> ' MEDOPAQUE-H is an aqueous, sterile, viscous 
contrast solution containing 35% Sodium Ortho-iodohippurate, 
10% Sodium lodide and a blend of polyethylene glycols. 


MEDOPAQUE-H 
HYSTEROGRAM 


7 cc. of Medopaque-H 
dissemination in 
peritoneal cavity. 
Superb visualization 
of the cervix, 

isthmus corpus and 
uterine tubes. 


BELL-CRAIG, INC. 


Manufacturing Chemists 
270 Lafayette Street, New York 12 
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NOW... 


FOR ADULTS - 
CHILDREN - INFANTS 


A CONTRAST MEDIUM THAT 
FULFILLS ALL THE 

CRITERIA FOR 

RADIOLOGIC EXAMINATION 
OF tHe 


ALIMENTARY CANAL 


GASTROGRAFIN 


— Contrast be: um for intestinal 


sig a true solution—permits delineation of gastric and duodenal mucosa, 
and identification of small ulcers 


does not inspissate—risk of residual hard masses eliminated; safe for 
use in the acutely ill and in cases of suspected or known obstruction 


minimal absorption—passes readily along alimentary tract with neg- 
ligible absorption 


virtually nontoxic—safe on accidental, or deliberate, introduction into 
body cavities; may be used in post-anastomosis studies 


miscible with blood—allows detection of bleeding points and visuali- 
zation of bleeding ulcers 


low viscosity—permits demonstration of small fistulous connections, 
including tracheoesophageal fistulae in infants 


SQUIBB 
New York 22, N.Y. 
cathartic effect—eliminates delay in surgical procedures, or in serial 
or follow-up radiologic studies 


well tolerated—side reactions minimal; contraindicated only in indi- 
viduals with iodine sensitivity 


Squibb Quality — 
may be administered orally, by tube, or by rectum The Priceless Ingredient 


Gastrografin, providing 76% sodium and methylglucamine diacetyl- 
aminotriiodobenzoates, is supplied in bottles of 120 cc. (4 fl. oz.). 


“GASTROGRAFIN’ IS A SQUIGS TRADEMARK 


XXVil 


| 
, 
i 


X-Omat 
installations 
can now process 


all leading brands 
of film with 


HUNT GRAPH-O-MAT’ Chemicals 


Hunt Graph-O-Mat Chemicals are guaranteed to give 
trouble-free performance all day long with the X-ray 
film of your choice. 


Special formulations completely eliminate dirty developer 
rollers, excessive foam, and improper hardening — the 
three major causes of X-Omat processing difficulties. 


1. Hunt Graph-O-Mat Developer keeps rollers clean 
while it suppresses foaming action. 


2. Extra hardening action of Hunt Graph-O-Mat 
Stop enables the radiologist to use any brand of 
film with freedom from softening, sticking or 
edge frilling. 


3. Hunt Graph-O-Mat Fixer is formulated to give 
the maximum in fixing capacity and washing 
efficiency. 


Why endure another day of jam-ups caused by chemical 
deposits on the rollers and excessive foam when you can 
prevent this by standardizing on Hunt Graph-O-Mat 
Chemicals. No special cleaners necessary. Also, Hunt 
Graph-O-Mat solutions will arrive in cold weather ship- 
ments without troublesome precipitates. 


Hunt Liquid X-ray Developers and Fixers for manual] and 
Pako processing and Hunt bulk chemicals for Cine- 
radiography. Write for general catalogue. 


Send today for another problem solver — 
Your free copy of the ““HUNT GRAPH-O-MAT 
MIXING AND SILVER RECOVERY MANUAL” 


PHILIP A. HUNT COMPANY 


PALISADES PARK, NEW JERSEY 
BRANCHES IN PRINCIPAL CITIES 


In Canada: Philip A. Hunt Company (Canada) Ltd., 77 Leslie Street, Toronto 


at 
NG Cy 
4, 
3 : \ 0 
BLisHEDdD | 
| 
pits = 
— 
— 
| \ | 
if 
— 
XXV111 


The One Isotope Lab That Grows with Your Needs 


FITS ANY CLINICAL RADIOISOTOPE PROGRAM...LARGE OR SMALL, PRESENT OR FUTURE 
The ISOLAB grows with the needs of any practically any isotope diagnosis. No other 


clinical radioisotope program—large or small, system offers this convenient, economical, 
present or future. The basic system handles a built-in flexibility. Designed by leading con- 
limited program. Integrated NMC. instru- sulting physicists. Built by pioneers in nuclear 
ments may be added as needed to handle instrumentation. 


THE BASIC SYSTEM | WORK HANDLED 


Mobile Cabinet Console. a 
Two extra compartments for Thyroid function tests 


additional instruments. 

Scintillation Probe. Mounted 
on spring loaded arm. Vari- 
able fixed arm also available. Substernal extensions 
Decade Scaler. Count rate- 
meter may be used in same 
location. ; Urine counts 


Pernicious anemia diagnosis 


Localization of metastatic masses 


Lymph involvement 


ADD INTEGRATED EQUIPMENT AS NEEDED 
TO HANDLE ADDITIONAL RADIOISOTOPE USES 


Well Counter. Whole blood and plasma volume measurements, measurement 
of red cell mass and survival times, pernicious‘anemia diagnosis, fat absorption 
tests, protein bound iodine tests or conversion ratio, saliva iodine tests, iron 
turnover studies, indication of internal hemorrhaging. 

Linear Count Ratemeter and Recorder. Brain and eye tumor localization, cir- 
culation times and indices, cardiac output tests. Nore: Any make of recorder 
may be used. 

Dual Count Ratemeter and Recorder. Kidney and liver function tests, circu- 
lation times and indices, Rose Bengal jaundice test. Nore: Any make of re- 
corder may be used. 


Second Arm and Scintillation Probe. For use with dual count ratemeter and 
recorder. 


Pulse Height Analyzer. Permits detection, localization and measurement of an 
extremely small quantity of radiosotopes with much lower background level. 


Spectrometer Scintillation Probe. A highly sensitive instrument for use with 
the pulse height analyzer. 


6) LINEAR COUNT RATEMETER PULSE HEIGHT ANALYZER 


FOR A DEMONSTRATION OR MORE INFORMATION, WRITE, WIRE OR TELEPHONE COLLECT 


Nuclear Measurements Corp. 9 


2466 N. Arlington Ave. * Telephone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 
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MAXIMUM 


Patient dosage is reduced a full 50 per cent when Radelin TF screens replace medium speed 
screens, with comparable radiographic detail. A more efficient calcium tungstate phosphor 
provides greater speed, contrast enhancement and unmatched radiographic performance. 


STATIC-RESISTANT 
Polyester base screens have an inherent tendency to produce static discharges. Radelin’s ex- 
clusive Aluminized back coat absorbs high static potentials, minimizing static discharge. 


LOWER COST 
Prices established February 1, 1957 are still in effect. Radelin screens, proven in the field, are 
your best value. 


RADELIN DIVISION 


UNITED STATES RADIUM CORPORATION ( sania 


MORRISTOWN, N. J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
| Toronto, Canada and United States Radium Corp. (Europe), Geneva, Switzerland 


* PAT, PENDING 


| 


re 


* PAT, PENDING 


Just Published—1959 
403 Pages, 6%4"x9%4" 
146 Figures 


Price, $12.50 


By WILLIAM T. MOSS, M.D., 
Assistant Professor of Radiology, 
Northwestern University School of 
Medicine, Department of Radi- 
ology, Chicago, Ill.; Director, De- 
partment of Therapeutic Radiol- 
ogy, Chicago Wesley Memorial 
Hospital. 


Solve Clinical Problems of Radiotherapy 


Improve Your Care of the Cancer Patient 


with the Help of the 
New Mosby Book 


THERAPEUTIC 
RADIOLOGY 


Rationale—Technique—Results 


Here for the first time is a book which gives you complete, clinically oriented 
programs of radiotherapy for specific cancers. Never before has there been 
a book which gives such valuable clinical help to the radiologist in under- 
standing the behavior of cancer or in providing such well planned programs 
of treatment for his patients: 
@ Gives you the complete rationale of clinical care. 
@ Discusses the merits and contraindications for conventional and 
supervoltage therapy. 
© Compares the competitive value of irradiation and surgery. 
@ Gives a frank, critical appraisal of possible results. 
e Arranges its discussion according to the organs and tissues that 
are affected. 
THERAPEUTIC RADIOLOGY is a crystallized, practical discussion of ra- 
diotherapy of specific cancers. It is the kind of book you'll find yourself 
referring to again and again to review such important considerations as: the 
indications for treatment, exact technical procedures, possible complications, 
usual routes of spread and many other topics related to the treatment of all 
the more common lesions of nearly every organ and body tissue. 


Just Published—1959 
2nd Edition, 402 Pages 

220 Illustrations 

Price, $12.00 


By LOUIS LICHTENSTEIN, M.D., 
Chief Pathologist, General Medi- 
cal and Surgical Hospital, Veter- 
ans Administration Center, Los 
Angeles; Fellow, New York Acad- 
emy of Medicine; Professor Extra- 
ordinario, National University of 
Mexico. 


Here’s An Authoritative Guide to 
Recognition, Identification and Management 


2nd Edition BONE TUMORS 


No one realizes better than you do, doctor, the importance of early recogni- 
tion and accurate identification of bone lesions that may be tumors. Yet, no 
one realizes better how difficult it may be even for the most experienced. 


Incorporating the broad personal experience of the author, BONE TUMORS, 
by Dr. Louis Lichtenstein, has long been considered as one of the most 
authoritative and complete guides to the recognition, identification and 
management of bone lesions that may be tumors. With the addition of many 
new roentgenograms and photomicrographs and new descriptive text matter 
to assist you in their interpretation, the new 2nd edition of this monograph 
provides a clear, concise presentation of the latest clinical, radiologic and 
pathologic concepts on benign and malignant tumors. 


Only this new 2nd edition can provide you with helpful, up-to-date clinical 
advice. You'll refer often to the expanded section on non-neoplastic lesions 
of bone which may be mistaken for tumors for verification of your diagnosis. 
New sections on benign osteoblastoma, unusual chondroid tumors, tumors of 
periosteal origin, tumors of synovial joints and bursae and tendon sheaths 


keep you fully up to date. 


The C. V. Mosby Company 
3207 Washington Boulevard © St. Louis 3, Missouri 
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:X-ray Detail 


LogEgrams show detail vital to .. . 


@ Effective Teaching 
® Clear Illustrations for Publication 
® Accurate Diagnosis 


LogEgrams from the LogEtronic* Contact Printer 
reduce patient retakes, save additional radiation 
exposure, through improved copies from over or 
under exposed films. 

For specification and delivery information on the 
LogEtronic Contact Printer with Automatic Dodging 
and Automatic Exposure Control, 

write, phone, or wire: 

LogEtronics, Inc. 

500 East Monroe Avenue Alexandria, Virginia 
TEmple 6-5180 Mark 


THE LOVE OF A PHYSICIAN 
George E. Pfahler, M.D. 
Pioneer Radiologist 


By Murie B. PFAHLER 


The story of Ameri- 
ca’s Pioneer Radiol- 
ogist, Dr. George E. 
Pfahler, whose pas- 
sionate devotion to his 
chosen field domi- 
nated his life and 
finally ended it. The 
author reveals in all 
its tensions and tri- 
umphs her physician 
husband’s love for the 
science that literally 
was consuming him, 
but she knew him also 
as a human being, 
tender with children, 
fond of dogs, a man ” 

whose love of beauty was aaa only to his pas- 
sion for Radiology. His life was colorful, exciting 
and full of contrast, but above all else, he was a 
physician. 


NEW! BENDIX 


mr 
DOSIMETER 


* MEASURES INTEGRATED EXPOSURES 
TO X AND GAMMA RAYS 


*& CONVENIENTLY CARRIED FOR 
PERSONNEL MONITORING 


PROVIDES EASY DIRECT READING 


2 il Product of famous Bendix precision 
‘VETER craftsmanship, this 200mr Dosimeter 
offers the utmost quality and reli- 
ability. Weighs less than 1!%4 ounces. 
Only 41%" long and 1%" in diameter. 
Highly shock resistant. Write BENDIX 
AVIATION CORP., Dept. F6, 3130 
Wasson Road, Cincinnati 8, Ohio. 


Cincinnati Division 


Cincinnati, Ohio 


AVIATION CORPORATION 


A book you will wish to read and to own. 
$3.75 Postpaid from 
DORRANCE & COMPANY 
Publishers 
20th & Cherry Sts., Philadelphia 3, Pa. 


All royalties go to the American Cancer | 
Society, Philadelphia Division 


i Canadian Sales: Computing Devices of Canada, Ltd., 
Box 508, Ottawa 4, Ontario. Export Sales: Bendix 
International, 205 E. 42nd Street, New York 17, N.Y, 
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the PIX story: 


25% less radiation to patien 
simply reduce MAS: everythi 
preserves preferred radiographic quality 


no streaking 
ends “fog” troubles 


in radiography... 


and still get the same film-quality 
you're used to 
It’s over a year now since Picker startled 


the X-ray world by flatly making the 
above statement. 


No ifs, ands, or buts to this firm promise 
then or now. No need for any, either: the 
on-the-job experience of thousands of 
users over the past year is proof positive 
of its validity. 
If you’re concerned with Minimal Dosage 
Radiography (and who isn’t these days) 
the use of PIX is a dependable path to it. 
else remains 'p same A Call to your local Picker office can get 
you started right now. Or, if you prefer, 
write us. Picker X-Ray Corporation, 
25 South Broadway, White Plains, 


lasts three months without changing New York. 


(with recommended replenishment) 
lowest cost-per-film processed 


new 


PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N. Y. 
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...X-tra value 
there’s no delay the G.E. way 


Dealing with General Electric is like 
owning your own complete warehouse 
of x-ray supplies. You get fast action on 
every order from any of 68 strategically 
located factory-operated offices. 

No need for “scatter-buying” from 
several different sources. Get everything 
you need by “shopping” the complete 
selection of products listed in the G-E 
X-Ray Supply and Accessory Catalog. 

Call your G-E x-ray representative 
(he’s listed in the yellow pages of your 
phone book). Or write X-Ray Depart- 
ment, General Electric Company, Mil- 
waukee 1, Wisconsin for Pub. A-66 


EXAMPLE: 


Continuous cash savings—G-E SUPERMIX® 
film processing chemicals are today’s lowest- 
priced quality solutions. Convenience packaged, 
too, in tough, knock-about plastic containers — 
developer, fixer, refresher and fixer-neutralizer in 
graduated polyethylene bottles that mix a gallon. 
(And so lightweight they’re a joy to handle.) 
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ELECTRIC 


X-ray Supplies 
4 


X-ra 


... the tant x-factor 


every sheet of Kodak 
people who control the machines, who su 
Because of the x-factor. com nm. 
fastest medical x-ray film 
» q ex a 


X-ray Film 
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Is 
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trom ograph made on | 


torely on Victoreen’s leadership 
uncertainties... to provide 
Model 570 Condenser r-Meter. A request 
Hough Avenue © Cleveland:3, Ohio 
WORLD'S FIRST NUCLEAR COMPANY _ 


Antibiotica et Chemotherapia 


Fortschritte * Advances ¢ Progrés 


Edited by 
O. Gsell R. L. Mayer 
Basel (Switzerland) Summit, N.J. 


Just out Vol. 6: VIII + 530 p., 23 fig., 60 tab., 1 col. plate, 1959. U.S. $19.90 


P. Miiller (Basel): Verwendung der Antibiotica im Pflanzenschutz und im Vor- 
ratsschutz. 

H. Ericsson and G. Svartz-Malmberg (Stockholm): Determination of Bacterial Sensi- 
tivity in vitro and its Clinical Evaluation. 

H. P. Kuemmerle (Tiibingen) : Entero-Colitis und Antibiotica. 

W. Weber (Bern): Die Verwendung der Antibiotica in der Tierernahrung. 

J. Francois et M.Th. Van Leuven (Gand): Les sulfamides et les antibiotiques en 
ophtalmologie. Etude expérimentale et clinique. 

E. Freerksen, E. Kriiger-Thiemer und M. Rosenfeld (Borstel) : Cycloserin (D-4-Amino- 
isoxazolidin-3-on). 

G. Bickel (Genéve) : Les nouveaux corticostéroides et leurs applications en médecine 
interne. 


Vol. 5: VIII + 336 p., 12 fig., 1958. US $14.40 


J. Biichi und X. Perlia (Ziirich) : Die Weiterentwicklung der Antibiotica als Arzneimittel 1954- 
1957.—-A. Eyquem (Paris) : Chimiothérapie des hémopathies malignes.—L. Schindel (Jerusalem) : 
Nebenwirkungen von Streptomycin-Dihydrostreptomycin—L. Mosonyi (Budapest): Die Wirkung 
der Antibiotica auf die Zellen——C. Bohm (Miinchen) : Die modernen Antibiotica und das Dysbak- 
terieproblem. 


Vol. 4: VI + 392 p., 50 fig., 1957. US $15.35 


G. Domagk (Wuppertal-Elberfeld): Experimentelle Grundlagen der Chemotherapie mit den 
Sulfonamiden.—L. Ettlinger (Ziirich): Wirkungsmechanismus der Antibiotica—A. Loubatiéres 
(Montpellier): Sulfamides hypoglycémiants et anti-diabétiques. (Historique et développements 
récents.)—J. O. Forfar and A. F. Maceabe (Edinburgh): Erythromycin—A Review.—F. O. 
HGring und I. Steinbrecher (Berlin): Die Chloramphenicolbehandlung des Typhus.—M. Fin- 
land and R. L. Nichols (Boston, Mass.) : Novobiocin. 


Vol. 3: VII + 398 p., 45 fig. 1956 US $13.45 


H. Selye (Montreal): The Stress-Concept as it Presents Itself in 1956.—W. Heim und K. Zu- 
schneid (Berlin) : Atiologie, Klinik und Prophylaxe der antibiotischen Schaden in der Chirurgie.— 
W. P. Longmire jr. and S. W. Smith (Los Angeles, Calif.): The Surgical Use of Presently 
Available Antibiotics—P. Kallés und L. Kallés-Deffner (Hasingborg) : Allergie und Antibiotica. 
—P. Rentchnick (Genéve): L’évolution clinique et thérapeutique des staphylococcies.—R. L. 
Mayer and P. C. Eisman (Summit, N.J.): Approaches to Chemotherapy of Experimental Tuber- 
culosis; Chemotherapeutic Relationships between Mycobacteria and Fungi—H. Oberste-Lehn 
(Kiel) : Die Anwendung der Antibiotica in der Dermatologie—W.-H. Wagner (Frankfurt a. M.) : 
Die Chemotherapie der menschlichen Filariosen. 


The volumes 1-6 are available (ask for catalogue) 


BASEL 11 (Switzerland) © S. KARGER e NEW YORK 
For U.S.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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THE CURV-X CASSETTE 


BOOKS of Special Interest from LITTLE, BROWN 


CAMPBELL X-RAY CORP.—Boston 15, Mass. 
Or Your 


THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 


CALIFON, NEW JERSEY 
Established 1925 


NOW YOU CAN ADD A FILE 
BUILD—BUILD—BUILD—WITH THE 


HANLEY ECONOMY 14xI7 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


5 COMPARTMENT SIZE—DIVIDERS 14 x $112.70 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 ........... 00 
6 SIZE FOR MEDICAL RECORDS 

PHOTO ROENTGEN CARIEET FOR CHEST FILMS 4 


10 
APPROVAL GUARANTEED—F.O.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis t!, Mo. 


In reply to advertisers please mention 
that you saw their advertisement in THE 
AMERICAN JOURNAL OF ROENTGEN- 
OLOGY, RADIUM THERAPY AND NU- 
CLEAR MEDICINE. 


CHARLES C THOMAS 
Springfield 


PUBLISHER 


Illinois 


LOW INTENSITY 
RADIUM THERAPY 


by Charles L. Martin, M.D. 
and James A. Martin, M.D. 


NEW! Here is a concise text on the use of radium im- 
From 
their many years of experience the authors present com- 


plants by the leading exponents of this technic. 


plete data on this somewhat neglected type of radium 
therapy. 


Most attention is devoted to treatment of accessible 
lesions such as cancer of the face, lips, gums, 
buccal mucosa, floor of the mouth, tongue, hard and soft 
palate, lymph _ nodes, 


cervix and vagina, 


ear, nose, 


oropharynx, metastatic uterine 


A plan designed for the control of metastases in the 
internal mammary nodes secondary to cancer of the breast 
is also described and other chapters tell about the com- 
bination of X-ray and low intensity radium needle technic 
which has eradicated certain types of sarcoma. 


The book is lavishly illustrated with case history presen- 
tations, including a special atlas section in full color. 


256 pages 120 illustrations ready May 15 


Field. CANCER: DIAGNOSIS AND MANAGEMENT—with 
28 cancer experts. Just off press! Offers a complete guide 
to the treatment of all common and uncommon cancer 
A clinical book designed for every physician 
271 illustra- 

$18.50 


problems. 
who sees a cancer patient. 812 pages 
tions 


Benedict and Nardi. THE ESOPHAGUS—AlI! diseases of 
the esophagus are included from the point of view of 
definition, etiology, occurrence, pathology, complications, 


diagnosis, by X-ray and esophagoscopy, medical and sur- 
gical treatment, and prognosis. NEW! 390 pages + 244 
illustrations in black and white and color $15.00 


Lodge. RECENT ADVANCES IN RADIOLOGY, Third Edition 
—An important survey of current advances and highlights 
in the development of present day radiological thought. 
Some chapters are: Neuro-Radiology, Injuries and Dis- 
eases of Bone, The Alimentary Canal, and The Lungs. 
358 pages 182 illustrations $10.50 


At your Medical Bookstore or from 


LITTLE, BROWN AND COMPANY 
34 Beacon Street, Boston 6, Mass. 
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Objective Approach 
—— PERIPHERAL VASCULAR DISEASES — 


ORIGINAL TECHNIQUES 


The author presents in concise form a modern, objective approach to the problems of pe- 
ripheral vascular disease. Many of the techniques employing electronic instruments and de- 
scribed here represent methods developed by the author which have not hitherto appeared in 
print—methods to 


¢ Obtain objective measurements about peripheral circulation to enable the 
physician to evaluate effects of drugs quickly 


¢ Predict the probable outcome of sympzthectomy 

¢ Determine easily the effectiveness of various physical therapeutic procedures 

¢ Measure objectively the benefits of surgery 

¢ Determine the completeness of sympathectomy 

¢ Determine regrowth of nerves after sympathectomy 

¢ Test for tobacco sensitivity 

¢ Test for cold sensitivity 

¢ Determine the presence and amount of functional or organie arterial disease 


¢ Differentiate between these abnormalities 


THE TECHNIQUES PRESENTED HERE ARE PRACTICAL 
AND SUITABLE FOR ROUTINE USE 


PROFUSELY ILLUSTRATED: There are 435 large black and white drawings. Each is 


designed to illustrate an idea or teach a point. 


Covers the general field of the peripheral vascular diseases with a freshness which stems from 
ORIGINAL TECHNIQUES and SKILLFULLY EXECUTED ILLUSTRATIONS. It is 
hoped that it will stimulate closer association between basic scientists and physicians from 
which will evolve new and better instruments for the objective measurements of the peripheral 
circulation. 


864 pages, 435 illustrations 
Publication date March 1959 
$16.50 


TRAVIS WINSOR, M.D., F.A.C.P., 

Assistant Clinical Professor of Medicine, 

University of Southern California School 
of Medicine, Los Angeles 


CHARLES C THOMAS ¢ PUBLISHER 
301-327 East Lawrence Avenue ® Springfield ® Illinois 
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UNIVERSAL 
AUT TOMATIC 
SERIOGRAPYE 


The Automatic Seriograph is used for a variety of procedures. Illustrated 
is angiocardiography. The patient may be placed in a variety of positions. 


The technic used in the above radiograph 
was as follows: L.A.O., 300 MA, 75 KV, 
1/10 sec exposure, hi-speed screens or 
equivalent, 8 films 11” x 14” size, 36 inch 
distance. Distribution: The Seriograph is 


the 


distributed by all major x-ray companies 
and their dealers. Address your inquiries to 
them, or to Automatic Seriograph Corpora- 
tion for additional information and an 
illustrated brochure on Model 110. 


ATTOMATIC SERIOGRAFPH CORP. 
4900 Calvert Road « College Park « Maryland 
A SUBSIDIARY OF LITTON t*nvpeustTRres 
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Tumors the Lungs 


and Mediastinum 


By B. M. FRIED, M.D., F.C.C.P. 


Associate Attending Physician, Montefiore Hospital, 
Associate Visiting Physician, Morrisania City 
, Hospital, New York, New York 


TIOLOGY, diagnosis and treatment of virtually all benign and malignant 

tumors of the lungs, pleura and mediastinum are discussed fully in this 

practical work. Cancer of the lungs receives the major emphasis, with 
particular attention paid to early clinical manifestations. 


Text Abounds with Black and White and Color Illustrations 


Throughout, typical and atypical cases are discussed comprehensively and illus- 
trated with case reports, roentgenograms, macrophotographs and microphoto- 
graphs. Adenoma of the bronchus, pleural tumors, and less common and rare 
tumors of the lungs and mediastinum are considered fully. Tumors of the 
lymphoid tissues, such as reticulum-cell sarcoma, lymphosarcoma, and Hodgkin’s 
disease; tumors of the thymus gland, neurogenic tumors, terato-dermoids and 
cysts are described in detail and amply illustrated. Two chapters are devoted to 
radiographic diagnosis. Metastases to the lungs from visceral cancers and from 
lung cancer to visceral organs are discussed and illustrated with roentgenograms. 


The description of each tumor is preceded by a delineation of the anatomy and 
physiology of the organ which gave rise to the new growth. This is believed 
to be a new approach to the subject. The possible role of environmental factors 
and occupation in the emergence and rapid rise of lung cancer is detailed, and 
the role of cigarette smoking in the genesis of the malignant pulmonary disease 
is discussed in a sound and comprehensive manner. 


Because this book considers tumors of the lungs and mediastinum from their 
earliest appearance and includes causative factors, it is of interest to all doctors— 
internists as well as general practitioners; thoracic surgeons, chest specialists 
and radiologists. 


467 Pages. 340 Ills. on 231 Figs. & 4 in Color on 2 Plates. 22 Tables. $13.50. 


(Published November, 1958 ) 
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YEARS 


and tally of the value. 


of integrity have helped us 
to become America's largest buyers of 


USED X-RAY FILM 


@ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


@ We remit in advance if desired, or promptly after receipt 


@ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 


are your hamels, 


YOU HAVE ONLY ONE PAIR 


Insist upon leaded leather gloves 
THEY CANNOT CRACK 


Order from your dealer, or: 


17-29 Burr Street 
Gloversville, New York 


LIBERTY PROTECTIVE LEATHERS, Inc. 


| 

| Fits any 2”x2” 

| Viewer or Projector 
| 


NEW RELEASES 


3-5A Cogenital Cardiovascular Anomalies in Infants 
| and Children 


| by John W. Hope, M.D. and Assoc. Children's Hospital of Phila- 

| 5-5 Some Fundamentals in Chest Roentgen Interpre- 

| tation 

| by Benjamin Felson, M.D., Prof. and Dir. Dept. of Radiology, 
College of Medicine, Univ. of Cincinnati ................ 51 Slides 


Price pes series (Postpaid $16.50 


ORDER DIRECT 


| OR WRITE for complete description of above series, 
_ and catalog of others that are available. 


MEDICAL FILM SLIDE DIVISION 
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Dynamic Myelography 


These two radiographs of the same patient dem- 


onstrate the bulging of the annulus fibrosus 


during hyperextension and flexion, respectively, 


of the vertebral column. 30 ce of Pantopaque 


contrast medium was used. Note how this tech- 


nique permits visualization of the posterior sur- 


ee face of the vertebral canal. 


: “PANTOPAQUE” is the registered trademark under which all leading x-ray 
dealers supply the compound ethyl iodophenylundecylate, which is synthesized by 
the Research Laboratories of Eastman Kodak Company and prepared as the 
myelographic contrast medium lophendylate Injection, U.S.P., by Lafayette 
Pharmacal Inc. The trademark serves to indicate to the radiologist continuity of 
experience in the manufacture of this medium. 
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“Hello...GE? 


How fast can you 


rush a replacement 


x-ray tube?” 


Right now! 


Your tube 
is in stock 
--our man’s 
on his way” 


Faced with a heavy patient load — and your 
x-ray tube burns out! Will this mean badly 
disrupted schedules and subsequent economic 
loss? Not if you look to G.E., where help is 
as near as your telephone—as fast as a serv- 
iceman can speed to you with a replacement 
tube. 

G-E Tube Replacement Service has no equal 
in the industry. Replacements are available 
from local stocks of genuine Coolidge tubes 
maintained in 40 strategically located district 
offices. Each tube offers traditional G-E 


4 


& 


quality to guarantee you long, economical 
service. Each is thoroughly tested when man- 
ufactured... aged... checked again at time 
of shipment and upon installation. Replace- 
ment is ‘on-the-spot,’ by factory-employed 
servicemen who know their business — and 
your problems. 

When the inevitable happens—when your 
old x-ray tube fails — you need help fast. 
Call on your local G-E x-ray office for same- 
day service. You'll find the phone number in 
the yellow pages of your telephone directory. 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 
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